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INTRODUCTION 
Soybean [Glycine max (L.) Merr.] breeders and food manufacturers generally believe 
that large-seeded, high-protein (LSHP) soybean cultivars result in a greater yield of tofu than 
can be obtained with conventional soybean cultivars (Bhardwaj et al., 1999). Tofu, also 
known as soybean curd, is a soft, cheese-like food made by curdling fresh hot soymilk with a 
coagulant (Cai and Chang, 1999). Cultivars with a seed size> 200 mg seed-1 and protein 
content greater than 38% on a 13%-moisture basis are desirable for tofu production. 
Conventional cultivars grown in the United States range in size from 120 to 180 mg seed·1 
and from 34 to 37% protein on a 13%-moisture basis (Hartwig, 1973; Voss et al., 2000). 
LSHP cultivars have been developed using two-parent and three-parent populations. 
A two-parent population can be formed by crossing two LSHP parents or by crossing a 
LSHP parent with a conventional (normal) parent. A three-parent population can be formed 
by crossing a LSHP parent to a normal parent and crossing the resulting F 1 to a second LSHP 
parent. 
The advantage of using two-parent crosses between LSHP parents is that the majority 
of the progeny should have the desired phenotype. The disadvantage of using such two-
parent crosses is that the LSHP parents have lower yield than normal cultivars. For example, 
the normal cultivar IA2052 yielded an average of 21 % more than the LSHP cultivar IA2020 
when grown at three environments in Iowa during 2000 (Voss et al., 2000). 
Normal cultivars may be a useful source of genes for the improvement of yield and 
other agronomic characteristics of LSHP cultivars. However, available literature indicates 
that it may be difficult to obtain segregates with seed weight similar to the larger parent in a 
cross involving a parent with conventional seed size (Weber, 1950; Buhr, 1976; Bravo et al., 
1981). Bravo et al. (1981) reported that selecting normal parents that have the largest seed 
weight would enhance the recovery of large-seeded segregates from single crosses with a 
large-seeded parent. 
To obtain segregates with seed weight and protein similar to that of the LSHP 
parents, the F1 of the LSHP x normal parent can be mated to a second LSHP parent. The 
progeny from such a cross ((LSHP parent 1 x normal parent) x (LSHP parent 2)) have on 
average 25% of the alleles from the LSHP parent 1, 25% of the alleles from the normal 
2 
parent, and 50% of the alleles from the second LSHP parent (Fehr, 1984). The normal parent 
may contribute alleles for increased yield that are not present in either LSHP parent. The 
LSHP parents are used to obtain segregates with the desired seed size and protein content. 
Two studies in soybeans have compared seed size among different population types. 
Bravo et al. ( 1981) developed two-parent and three-parent populations. The two-parent 
populations were developed by crossing large-seeded to normal parents. The three-parent 
populations were developed by crossing the F 1 from the large-seeded x normal parent to a 
third parent with intermediate seed size. They reported that the mean seed size of the three-
parent population was directly related to the seed size of the third parent. 
Johnson et al. (2001) compared three population types for the recovery of lines with 
small seed size. Two small-seeded and one normal-size parent were used to produce a small-
seeded x small-seeded two-parent population, a small-seeded x normal two-parent 
population, and a small-seeded x (small-seeded x normal-size) three parent population. They 
reported that the average percentage of lines with a seed size equal to or smaller than one of 
the small-seeded parents in a cross was 90% for the small-seeded x small-seeded populations, 
4% for the small-seeded x normal populations, and 20% for the three-parent populations. A 
small-seeded x normal population may provide adequate segregation for seed size, if the seed 
size of the normal parent is sufficiently small. 
One study has been reported on the genetic variability for protein in different soybean 
populations. Thome and Fehr (1970) evaluated high-protein exotic germplasm for the 
improvement of protein in two-parent and three-parent soybean populations. They tested 
exotic x adapted two-parent populations and (adapted x exotic) x adapted three-parent 
populations. They reported that the three-parent populations produced more superior lines 
than the two-parent populations and that protein was readily transmitted from the exotic 
parents to their progeny. 
The concurrent segregation for seed size and protein content in two-parent and three-
parent soybean populations has not been reported. The primary objective of this study was to 
determine the genetic variability for seed size and protein content in crosses between two 
LSHP parents, between a LSHP and a normal parent, and in a three-parent cross (LSHP 
3 
parent 1 x normal parent) x LSHP parent 2. A secondary objective was to evaluate the 
feasibility of selection for large seed size and high protein among single plants. 
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LITERATURE REVIEW 
Inheritance of seed size 
Ting (1946) studied a cross between a G. max parent and an accession of the wild 
soybean, Glycine soja Sieb. & Zucc .. The G. max parent had a seed size of 127 mg seed-1 
and the G. soja parent had a seed size of 22 mg seed-1. Seed size of F2 plant progenies ranged 
from 25 mg to 125 mg seed-1• No transgressive segregates were reported. He concluded that 
seed size of soybean is a quantitatively inherited trait. 
Weber (1950) studied the inheritance of seed size in a G. max ('Dunfield') x G. soja 
(PI65569) soybean population. Dunfield had a seed size of 163 mg sd-1 and PI65569 had a 
seed size of 16 mg seed-1• He was unable to recover either of the parental types in the 
segregates. He reported that the distribution for seed size among F2:3 lines closely resembled 
that of the individual F2 plants. Weber reported that seed size had a broad-sense heritability 
of 55% on a plot basis and that the trait has a significant number of major and minor 
modifying genes. 
Weber and Moorthy (1952) studied seed size of soybean in three sets of single crosses 
involving four commercially grown parents. The populations studied were 'Adams' (144 mg 
seed-1) x 'Hawkeye' (169 mg seed-1), Adams x 'Habaro' (181 mg seed-1), and Habaro x 
'Mandell' (153 mg seed-1). They reported that the frequency distribution in the F2 exceeded 
the parental range in Adams x Hawkeye and Habaro x Mandel. The distribution in Adams x 
Habaro only exceeded the larger-seeded parent in the cross. Broad-sense heritabilities 
calculated on a plot basis were 62%, 54%, and 47% for the three crosses. 
Brim and Cockerham (1961) estimated genotypic variances for seed size by crossing 
N48-4860 (314 mg seed-1) x 'Lee' (250 mg seed-1) and 'Roanoke' (297 mg seed-1) x Lee 
(263 mg seed-1). They found that the mean seed size was about equal to or greater than the 
largest parent in the FI generation and tended to regress towards the midparent in subsequent 
generations. Their results indicated that additive genetic variance was the principal 
component of genetic variance for seed size. 
Cianzio and Fehr (1987) studied seed size in two sets ofreciprocal crosses between 
G. max cultivars and G. soja strains. The reciprocal crosses made were between 'Century' 
(212 mg sd-1) x PI 326581 (20 mg seed-1) and 'Amsoy 71' (197 mg sd-1) x PI 424001 (33 mg 
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seed-1). The mean seed size of the F2 plants was 50 mg seed·' in the Century x PI 326581 
cross and 60 mg seed·1 in the Amsoy 71 x PI 424001 cross. They reported that there was 
partial dominance for small seed size. 
Carpenter and Fehr (1986) studied seed size in two sets of crosses between G. max 
cultivars and G. soja strains. The crosses were made between the cultivar Amsoy 71 
(136 mg seed-1) x PI 424001 (21 mg seed-1) and Century (168 mg seed-1) x PI326581 
(12 mg seed-1). Neither cross had any F2 plants or F23 lines with seed size equal to either 
parent. They estimated the effectiveness of selection among plants by computing heritability 
estimates based on the correlation of the F2 plants and F2:3 lines. They reported heritabilities 
for seed size of 81 % and 72% for the two populations. 
Bravo et al. (1980) studied seed size in three sets of two-parent and three-parent 
soybean populations. In one set of populations, A72-512 (172 mg seed-1) was crossed to 
'Prize' (282 mg seed-1), and the F1 was crossed to A74-201020 (224 mg seed-1). Seed size of 
F23 lines in the two-parent population ranged from 191 to 268 mg seed·1, while the three-
parent population ranged from 192 to 281 mg seed·'. In a second set of populations, A 73-
19084 (153 mg seed-1) was crossed to x 'Disoy' (256 mg seed-1), and the F1 was crossed to 
'Vinton' (230 mg seed-1). Seed size of F23 lines ranged from 173 to 234 mg seed·' for the 
A 73-19084 x Di soy cross and 1 77 to 244 mg seed· 1 for the three-parent cross. For the third 
set of populations, A74-104030 (198 mg seed-1) was crossed to Prize (282 mg seed-1) and the 
F1 was crossed to A74-201026 (221 mg seed-1). Seed size ofF23 lines ranged from 208 to 
287 mg seed·1 for the A74-104030 x Prize cross, and 184 to 268 mg seed·1 for the three-
parent cross. They calculated broad-sense heritability estimates for seed weight based on 
variance components ofF2:3 lines grown at two Iowa locations. They reported heritabilities 
of 27% on a plant, 41 % on a plot, and 92% on an entry-mean basis. 
Bravo et al. (1981) studied segregation for seed size in the two-parent and three-
parent crosses studied by Bravo et al. (1980). They evaluated seed size of 60 F23 lines from 
each of six populations and the parents grown at two locations in Iowa. They found that the 
seed size of the third parent used in a three-parent cross had a major influence on the seed 
size of the progeny. They attributed the close relationship between the seed size of the 
population and the seed size of the parents to additive gene action. They reported no 
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- significant differences ingeneti-cvariabil-ity for seed size between--two--parent and three-
parent crosses. Only 1 % of the F2:3 lines had a mean seed size within the confidence interval 
(P<0.05) of the smallest or largest parent, which would make it difficult to obtain large-
seeded segregates using normal parents. They indicated that using the largest available 
normal parents could increase the recovery of large-seeded segregates from two-parent 
crosses. 
LeRoy et al. (1991) estimated broad-sense heritability estimates for seed size based 
on variance components from three G. max x G. soja crosses. They evaluated 40 F23 lines of 
each cross grown in two replications at four Iowa environments. They reported average 
heritabilities of 35% on a plant, 52% on a plot, and 89% on an entry-mean basis. 
Cober et al. (1997) studied seed size in four G. max populations. Random F2 plants 
and their resulting F23 progeny grown in unreplicated plots were used for analysis. Seed size 
was determined by averaging the cross-sectional area of 20 seeds from each plot. Each seed 
was measured at a plane parallel to the hilum and at a plane perpendicular to the hilum. 
Heritabilities for seed size were determined using parent-offspring regression and parent-
offspring correlation. They reported heritabilities ranging from 19% to 51 % using parent-
offspring regression and 29% to 56% using parent-offspring correlation. 
Inheritance of protein content 
Brim and Cockerham (1961) estimated genetic variances for protein content from the 
cross N48-4860 (39.9% protein) x Lee (40.7% protein) and the cross Roanoke (39.4% 
protein) x Lee (40.5% protein). All the entries in the study, including the parents of both 
populations, had similar protein. Their results indicated that additive genetic variance was 
the principle component of genetic variance for seed protein. They also considered the effect 
of inbreeding individuals before testing their progenies. They indicated that seed protein 
increased with inbreeding, but at a decreasing rate. 
Weber (1950) studied the inheritance of protein content in a G. max (Dunfield) x G. 
soja (PI65569) soybean population. Dunfield had a average protein content of 42.3% and 
PI65569 averaged 52.4% on a moisture-free basis. He found transgressive segregation for 
high protein among the F2 plants and F2-dreived lines. He reported that partial dominance for 
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genes determining high protein content was exhibited in all generations. Weber suggested 
that protein content in soybean is controlled mostly by additive gene action. Protein 
percentage had a broad-sense heritability of 70% on a plot basis. 
Thome and Fehr (1970) studied the incorporation of high-protein exotic germplasm 
into adapted soybean populations by two-parent and three-parent crosses. The high protein 
in the exotic strains was readily transmitted to their offspring making selection of high-
yielding, high-protein lines possible. They noted that the genetic variance estimates and 
heritabilities were similar between the two-parent and three-parent populations; however, the 
three-parent populations generally had significantly higher mean protein. They calculated 
heritability estimates for protein content based on F s:7 two-parent lines and F 4:6 three-parent 
lines. The average heritabilities on an entry-mean basis were 90.7% for the six two-way 
populations and 90.5% for the six three-way populations. 
Cianzio and Fehr (1982) studied the genetic variability of protein in crosses between 
high- and low-protein parents of soybean. The two low-protein parents were normal 
cultivars and the high-protein parents were plant introductions. They evaluated F2-, BC1F 1-, 
and BC2F 1-derived lines and the parents in two environments. They were unable to recover 
any lines from any of the crosses that had protein concentrations as high as the high-protein 
parent. Significant genetic variability was obtained in each generation for protein. The 
genetic variance was the greatest in the F 2 and decreased with subsequent backcrosses. They 
reported broad-sense heritabilities on an entry mean-basis ranging from 76% to 89%. 
Shannon et al. ( 1972) evaluated F 2:4 soybean lines to determine which types of crosses 
offered the best opportunity to improve yield, protein, or both characteristics. They 
evaluated six populations, one high protein x high protein, four high protein x high yield, and 
one high yield x high yield. The highest yielding lines were obtained in the populations in 
which at least one high-yielding parent was involved. The most numerous high-yielding, 
high-protein lines were obtained in the high protein x high protein population. They reported 
broad-sense heritability estimates on an entry-mean basis for the six populations ranging 
from 81 % to 96%. 
Wehrmann et al. (1987) evaluated the seed yield and protein concentration ofBC2F2-
derived lines of soybean. The donor parent in each cross was the plant introduction 'Pando' 
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(480 g kg-1 protein) and the recurrent parents were the cultivar 'Weber' (~400 g kg-1 protein) 
and two experimental lines A76-202015 (~400 g kg-1 protein) and A76-304020 (~400 g kg-1 
protein). Selection among lines for protein content was practiced between each backcross 
generation. They were unable to recover any lines that equaled the protein content of Pando, 
but found that 72% of the lines from the three populations had significantly higher protein 
content than the recurrent parent. They found that 19% of the BC2F 2-derived lines with 
protein content significantly greater than the recurrent parent were not significantly different 
in yield from the recurrent parent. They indicated that when developing a population, the 
protein content of the high-yielding parent is important to increase the percentage ofhigh-
yielding, high-protein segregates. 
McKendry and Mc V etty ( 1985) studied the inheritance of seed protein in two single 
crosses of early maturing soybeans. The crosses 'Maple Presto' x 'Sioux' and Maple Presto 
x X446-2-1 were evaluated in two years at one location. They did not find a significant 
genotype x year interaction in either cross. A highly significant additive genetic effect was 
detected for protein percentage for both crosses over both years. They reported significant 
dominant gene action for low protein percentage, which contrasts with the results of Brim 
and Cockerham (1961). In both crosses, the genetic component of variance for seed protein 
consisted of additive and dominance components that were significant (P=0.05). 
Heritabilities in standard units were reported in both the broad- and narrow-sense. Broad-
sense heritabilities for seed protein ranged from 68 to 83% and narrow-sense heritabilities 
ranged from 61 to 72%. They concluded that significant improvement of protein content 
could be made by conventional breeding methods because of the large additive genetic 
component. 
Inheritance of seed size and protein 
Liu et al. (1995) studied the association of seed size with genotypic variation in 
protein content. They analyzed ten soybean genotypes with seed size ranging from 73 mg 
seed-1 to 303 mg seed-1 and protein content ranging from 39.5% to 50.2%. They reported 
that seed size was not significantly correlated with protein content. 
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- Weber (l950j studied the inheritanceo-f seed size and protein-in a G. max (Dunfield) 
x G. soja (PI65569) soybean population. Dunfield had a seed size of 163 mg sd-1 and 
PI65569 had a seed size of 16 mg seed-1. Dunfield had an average protein content of 42.3% 
and PI65569 averaged 52.0% on a moisture-free basis. The correlation coefficient of 0.07 
between seed size and protein in the F 2:3 lines and the regression coefficient of 0 .11 between 
the two traits were not significant (P.:s;0.05). 
MATERIALS AND METHODS 
Twelve parents were used to form the populations for my study (Tables 1, 2 and 3). 
The eight LSHP parents were cultivars or lines developed by Iowa State University. The 
high-yielding parents 'IA2050' and 'IA2038' were developed by Iowa State University, 
'AP1995' was developed by the AgriPro Co., Ames, IA, and 9306 was developed by Pioneer 
Hi-Bred International, Inc., Johnston, IA. 
The LSHP x normal single crosses were made in March 1998 at the Iowa State 
University-University of Puerto Rico soybean breeding nursery at Isabela, Puerto Rico. The 
Fi seeds and the parents of the populations were planted in May 1998 at the Agronomy 
Research Center near Ames. The Fi plants of the LSHP x normal populations were mated to 
the third parent of the population. Pubescence color or molecular-marker analysis was used 
to confirm that the Fi plants of the two-parent populations originated from hybrid seed. The 
Fi plants were used as the male parent in each population. The LSHP x LSHP populations 
also were formed at Ames in 1998. At harvest, Fi seeds of the LSHP x LSHP single crosses 
and the three-parent crosses, F2 seeds of the LSHP x normal single crosses, and 200 seeds of 
each parent were harvested. 
The Fi seeds of the LSHP x LSHP and three-parent populations and the parents of the 
populations were planted in Puerto Rico during October 1998. The Fi plants of the LSHP x 
LSHP populations were confirmed by pubescence color or molecular-marker analysis 
(Table 4). For the three-way populations, molecular-marker analysis was used to confirm 
hybrids. The Fi plants of a cross between gray and tawny pubescent parents were tawny. 
Gray pubescent plants were discarded. For the populations analyzed by molecular-marker 
analysis, a newly expanded trifoliate leaf from the Fi plants and parents was harvested for 
DNA analysis. The DNA was extracted by the method reported by Keim et al. (1988). 
Simple-sequence repeats (SSR) loci with polymorphism in the parents were used to confirm 
hybrid plants. Plants containing SSR alleles from both parents of a two-parent population 
were hybrid. For the three-parent populations, each Fi plant originated from a three-parent 
cross if it had an SSR allele from one of the two parents of the LSHP x normal Fi plant used 
as the male parent. The F2 seed from confirmed hybrids of each single cross was harvested 
in bulk. The Fi plants of the three-way populations were harvested individually. The seed 
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Table 1. Mean seed size of parents grown at two Iowa locations in 2000. 
Maturity Seed size 
Parent Group Burkey Farm Agronomy Farm Combined 
d-1 -----------------------------mg see -------
Set 1 
A97-874007 II 217.4 229.0 223.2 
A97-774049 I 192.9 209.1 201.0 
AP1995 I 143.9 157.8 150.9 
LSD(0.05) 25.3 15.1 14.7 
Set2 
A97-774065 II 202.3 205.7 203.8 
A97-974005 II 208.0 222.4 215.2 
IA2050 II 149.6 162.4 156.0 
LSD(0.05) 21.7 13.2 6.6 
Set3 
A97-874063 II 200.5 218.6 209.6 
A97-874052 II 200.5 210.0 205.2 
P9306 III 134.9 140.6 137.8 
LSD(0.05) 22.5 14.3 13.4 
Set4 
A97-774007 II 228.5 240.5 234.5 
A97-874014 II 213.6 221.1 217.3 
IA2038 II 185.9 187.0 186.4 
LSD(0.05) 37.2 20.1 21.1 
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Table 2. Mean protein content of earents grown at two Iowa locations in 2000. 
Maturity Protein 
Parent Groue Burke~Farm Agronom~ Farm Combined 
---------------------------------%---------------------------------
Set 1 
A97-874007 II 39.8 39.0 39.4 
A97-774049 I 38.4 37.4 37.9 
AP1995 I 35.2 33.9 34.6 
LSD(0.05) 1.55 1.14 0.961 
Set 2 
A97-774065 II 38.4 37.7 38.0 
A97-974005 II 37.6 37.7 37.6 
IA2050 II 35.5 34.0 34.8 
LSD(0.05) 1.23 0.981 0.831 
Set 3 
A97-874063 II 38.1 37.5 37.8 
A97-874052 II 36.9 36.3 36.6 
P9306 III 35.4 33.6 34.5 
LSD(0.05) 1.48 1.26 0.973 
Set 4 
A97-774007 II 38.2 37.7 38.0 
A97-874014 II 39.2 39.5 39.3 
IA2038 II 34.9 33.9 34.4 
LSD(0.05) 1.47 1. I 9 0.945 
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Table 3. Parentage of the four sets of soybean populations evaluated for seed size and 
protein. 
Po:eulation Parentage Type of po:eulation 
Set 1 
11 A97-874007 x AP1995 LSHP x normal 
12 A97-874007 x A97-774049 LSHPxLSHP 
13 A97-774049 x (A97-874007 x AP1995) LSHP x (LSHP x normal) 
Set 2 
21 A97-774065 x IA2050 LSHP x normal 
22 A97-774065 x A97-974005 LSHPxLSHP 
23 A97-974005 x (A97-774065 x IA2050) LSHP x (LSHP x normal) 
Set 3 
31 A97-874063 x P9306 LSHP x normal 
32 A97-874063 x A97-874052 LSHP x LSHP 
33 A97-874052 x (A97-874063 x P9306) LSHP x (LSHP x normal) 
Set 4 
41 A97-774007 x IA2038 LSHP x normal 
42 A97-774007 x A97-874014 LSHPxLSHP 
43 A97-874014 x (A97-774007 x IA2038) LSHP x (LSHP x normal) 
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Table 4. Confirmation of F 1 hybrids by Eubescence color or molecular marker anal}'.sis. 
Parent or EOEulation Pubescence Allele size Genotype 
Set 1 Satt 185 Satt 185 
A97-874007 (LSHPl) Gray 209 209/209 
A97-774049 (LSHP2) Tawny 203 203/203 
AP1995 (N) Gray 221 221/221 
LSHPl xNt Gray 209/221 
LSHPl x LSHP2t Tawny 203/209 
LSHP2 x (LSHP 1 x N)§ Tawny 203/209 or 203/221 
Set2 Satt 012 Satt 009 Satt 012 
A97-774065 (LSHP 1) Gray 203 163 203/203 
A97-974005 (LSHP2) Gray 206 214 206/206 
IA2050 (N) Tawny 206 163 206/206 
LSHPl xNt Tawny 203/206 
LSHPl x LSHP2§ Gray 203/206 
LSHP2 x (LSHPl x N)§ Tawny 206/203 
or 
206/206 
LSHP 1 = LSHP lines used as the female parent in the two-parent populations. 
LSHP2 = LSHP lines used as the third parent in the three-parent populations. 
N = normal-size parent used as the male in the two-parent populations. 
t Hybrid F 1 plants determined by pubescence color. 
Satt 009 
163/163 
214/214 
163/163 
163/163 
163/214 
214/163 
or 
163/163 
! Hybrid F 1 plants determined by molecular marker analysis of leaf samples harvested 
from the field in Ames during May 1998. 
§ Hybrid F 1 plants determined by molecular marker analysis of leaf samples harvested 
from the field in Puerto Rico during October 1998. 
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Table 4. (Continued). 
Parent or population Pubescence Allele size Genotype 
Set 3 
A97-874063 (LSHPl) Gray 203 203/203 
A97-874052 (LSHP2) Gray 206 206/206 
9306 (N) Tawny 225 225/225 
LSHPl xNt Tawny 203/225 
LSHPl x LSHP2§ Gray 172/185 
LSHP2 x (LSHPl x N)§ Tawny 206/203 or 206/225 
Set 4 
A97-774007 (LSHP 1) Gray 172 172/172 
A97-874014 (LSHP2) Gray 182 182/182 
IA2038 (N) Tawny 185 185/185 
LSHPl xNt Tawny 172/185 
LSHPl x LSHP2§ Gray 172/182 
LSHP2 x (LSHPl x N)§ Tawny 182/172 or 182/185 
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of the parents was harvested in bulk. 
All the F2populations and parents were planted in May 1999 at the Agronomy 
Research Center near Ames. The soil type is a Nicollet loam (Fine-loamy, mixed, 
superactive, mesic Aquic Hapludoll). A total of 670 seeds from each single-cross population 
and 27 F2 seeds from each of 30 F1 plants from each three-parent population was planted to 
obtain the desired number of plants to test as lines. The F2 progenies of each FI plant of a 
three-parent population were planted in separate plots. A total of 60 seeds from each parent 
was planted. All the populations and parents were planted at 10 seeds m-1 of row with 69 cm 
between rows and 91-cm alleys separating entries. At maturity, the F2 plants were classified 
as early, mid-season, or late maturity and harvested individually. All plants that matured 
later than 'Corsoy 79' (early Maturity Group II) but earlier than 'IA2021' (mid Maturity 
Group II) were designated as early maturity. All plants that matured later than IA2021 but 
earlier than 'Pella 86' (early Maturity Group III) were designated as mid-season maturity. 
All plants that matured after Pella 86 but earlier than 'Macon' (mid Maturity Group IV) were 
designated as late maturity. Forty random plants of each parent were individually harvested. 
Seed size and protein content ofrandom F2 plants of midseason maturity and their 
parents harvested at Ames were measured. Seed size of 10 random plants of each parent, 100 
random F2 plants of each two-parent cross, and four plants from each of 25 F1 families of the 
three-parent populations was measured by dividing the weight of all seeds from a plant by 
the number of seeds to obtain mg seed-1• Protein content of the seeds from the same plants 
was measured with a Tecator A/B (Hooganas, Sweden) Infratec 1221 whole-grain near-
infrared reflectance analyzer. One scan was used for each sample. Protein content was 
expressed on a 13%-moisture basis. 
The F2:3 lines and parents of the populations were grown in four sets at two locations 
near Ames in 2000. Each set of 330 entries included 100 lines from each of the three 
population types with common parents and 10 entries of each parent (Table 3). Four F23 
lines from 25 FI families were grown for each three-parent population. Each set was grown 
in a randomized complete-block design with two replications at each location. The entries 
were planted 11 May, 2000 at the Burkey Farm and 15 May, 2000 at the Agronomy Research 
Center. The soil type at the Burkey Farm is a Nicollet loam (Fine-loamy, mixed, superactive, 
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mesic Aquic Hapludoll). Twelve seeds were planted in single-row plots 76 cm long with 102 
cm between rows and a 107-cm alley between the ends of plots. The plots were harvested in 
bulk with a self-propelled combine. 
Seed size for each plot was measured by weighing 400 random whole seeds. A 
missing value was calculated for all entries not having 400 seeds. Protein content was 
measured by taking three scans of the 400-seed sample with a Tecator A/B Infratec 1221 
whole-grain near-infrared reflectance analyzer. 
Segregation analysis for seed size and protein 
Within each set, frequency distributions were used to compare the three population 
types. For seed size, the F 2 plants and F 2:3 lines in each population were classified as larger 
than the largest LSHP parent, equal to the largest LSHP parent, greater than or equal to the 
smallest of the LSHP parents, or smaller than the smallest of the LSHP parents. For protein 
content, the F2 plants and F2:3 lines in each population were classified as greater than the 
LSHP parent with the highest protein, equal to the LSHP parent with the highest protein, 
greater than or equal to the LSHP parent with the second highest protein, and less than the 
LSHP parent with the second highest protein. An F 2 plant was considered equal to a parent if 
it was within± two standard deviations (2 SD) of the parent mean and the F2:3 line was 
considered equal if it was within± two standard errors of the mean (2 SEM). 
The reliability of single-plant selection for seed size and protein was evaluated by 
computing the percentage of errors that occurred with selection for each trait. Acceptance 
and rejection errors were computed for all the populations for each trait. In addition, 
acceptance and rejection errors were computed for the three-parent populations based on the 
ranking of plants for each trait. Acceptance error for seed size or protein occurred when an 
F2 plant was equal to or greater than x ± 2 SD of the smallest size or lowest protein LSHP 
parent in the set, but the line derived from that plant did not have a mean seed size or protein 
equal to or greater than the x ± 2 SEM of the smallest size or lowest protein LSHP parent in 
the replicated test. Rejection error for seed size or protein occurred when an F2 plant was 
smaller in size or lower in protein than the x ± 2 SD of the smallest size or lowest protein 
LSHP parent in the set, but the line derived from that plant had a mean equal to or greater 
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than the x ± 2 SEM of the smallest size or lowest protein LSHP parent in the replicated test. 
No error occurred if an F2 plant was accepted or rejected for seed size or protein and also was 
accepted or rejected as an F2:J line. 
Single-plant selection was evaluated when the F2 plants of the three-parent 
populations were ranked for seed size or protein, divided into groups of 10 from the largest 
size or highest protein to the smallest size or lowest protein, and the acceptance and rejection 
errors were computed for each decile. Decile ranking was not considered for the LSHP x 
normal populations because the number of acceptable segregates for the two traits was so low 
or for the LSHP x LSHP populations because the majority of the segregates were acceptable. 
Data analysis 
Analyses of variance for the F2:J lines for each set of populations were performed for 
the individual Iowa locations and combined over locations using proc GLM in SAS (SAS 
Institute, 1992). The data were analyzed as a randomized complete-block design with 
genotypes, locations, and replications considered random effects. The 10 entries of each of 
the parents were not included in the analyses. The following additive model was used for an 
individual location. 
where: 
Yij = µ + Ri + Gj + eij, 
Yij = observed value of the ith replication and the l genotype, 
µ = overall mean, 
Ri = effect of the ith replication (i = 1 to 2), 
Gj = effect of the l genotype G = 1 to 300), and 
eij = random error of the l genotype in the ith replication. 
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The sums of squares for genotypes were partitioned among the three types of 
populations and two orthogonal comparisons (Table 5). An F-test was used to test the 
significance of each effect. The significance of genotypes was tested with the error mean 
squares. 
Table 5. Expected mean squares for the analysis of variance for an individual environment. 
Sources of variation 
Replications (R) 
Genotypes (G) 
LSHP x normal (N) 
LSHP x LSHP (H) 
LSHP x (LSHP x normal) (T) 
HvsN 
Tvs ½(H +N) 
Error 
Total 
Df 
r-1 
g-1 
n-1 
h-1 
t-1 
1 
1 
(r-1 )(g-1) 
rg-1 
Expected mean squares Mean squares 
2 2 S cre+rcrG M 2 
2 2 
O' e + rcr N 
2 2 cr e + rcr H 
2 2 cr e + rcr T 
2 cr e MSI 
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For the analyses of variance combined over locations, the following additive model 
was used. 
where: 
Yijk = observed value of the l replication, kth genotype, and ith location, 
µ = overall mean, 
Li = effect of the ith location (i = 1 to 2), 
(R/L)ij = effect of the j1h replication in ith location, 
Gk= effect of the kth genotype (k = 1 to 300), 
(GL)ik = effect of the interaction of the kth genotype in the ith location, and 
d f th ·th 1· . kth d ·th 1 . eijk = ran om error o e J rep 1cat1on, genotype, an 1 ocat1on. 
The sums of squares for genotypes and the genotype x location interaction were 
partitioned among the three types of populations used in each set and two orthogonal 
comparisons (Table 6). F-tests were used to determine the significance of each effect. The 
significance of the genotype x location interactions was tested with the error mean squares. 
The significance of genotypes was tested with the genotype x location interaction. 
Estimates of variance components from an individual environment were obtained 
from the expected mean squares. 
2 MS2 - MSl . · 1· d cr a = ---- = genotyp1c variance among mes an 
r 
cr; = MSl = experimental error, 
where: 
MS2 = mean squares for genotypes, 
MS 1 = mean squares for error, and 
r = number of replications = 2. 
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Estimates of variance components were obtained from the data combined across locations as 
follows. 
(J2 
G 
MS3-MS2 . . 1. d ----= genotyp1c variance among mes, an 
rl 
2 MS2 - MSl . th l . . . a GL = ---- = vanance 1or e genotype x ocatlon mteractlon, 
r 
Table 6. Exeected mean sguares for the anal:}'.sis of variance combined across two Iowa locations. 
Sources of variation Df Exeected mean sguares Mean sguares 
Locations (L) £-1 
Replications (R)/L (r-1)£ 
Genotypes (G) g-1 2 2 £ 2 a e + ra LG+ r <JG MS3 
LSHP x normal (N) n-1 
2 2 f 2 CTe+raLN+r O'N 
LSHP x LSHP (H) h-1 2 2 f 2 <J e +ra rn+ r <J H 
LSHP x (LSHP x normal) (T) t-1 2 2 l 2 a e + ra LT+ r <JT 
HvsN 1 
Tvs ½(H+N) 1 
Genotypes x Locations (g-1)(£ - 1) 2 2 CTe+r<JGL MS2 
NxL (n-1)(£-1) 2 2 CTe+r<JNL 
HxL (h-l)(P.-1) CT2e + ra2HL 
TxL (t-l)(P-1) <J2e + ra2TL 
(Hvs N) x L 1 
[T vs ½(H + N)] X L 1 
Error (r-l)(g-1)£ a\ MSl 
Total rgl-1 
where: 
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MS3 = mean squares for genotypes, 
MS2 = mean squares for the genotype x location interaction, 
MS 1 = mean squares for error, 
r = number of replications = 2, and 
£ = number of locations = 2. 
For each population, heritability estimates were calculated by three methods for seed 
size and protein. Broad-sense heritability estimates were calculated using variance 
components based on data combined over locations (Hallauer and Miranda, 1995). 
where: 
Heritability was calculated for data combined across locations as: 
Plot: 
Entry mean: 
cr~ = genotypic variance, 
cr~L = variance for the genotype x location interaction, 
cr~ = variance for experimental error. 
r = number of replications = 2, and 
£ = number of locations = 2. 
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Standard errors of the heritability estimates were calculated by replacing cr2 G with the 
standard error (SE) of cr2 G in the numerator of the heritability equation. Standard errors were 
calculated for each variance component (Hallauer and Miranda, 1995). 
where: 
c = coefficient of the variance component, 
MS.= mean squares used to estimate the variance component, 
I 
dfi = degrees of freedom associated with the mean squares used to estimate the 
variance component, and 
n = number of mean squares used to estimate the variance component. 
Estimates of heritability were calculated in standard units by correlating seed size and 
protein content of the F2 plant with the mean of their F2:3 line (Frey and Homer, 1957). 
Heritability also was calculated by regressing the mean of the F2:3 lines on the seed size and 
protein content of the F2 plants. Correlations were calculated using proc CORR and 
regressions were calculated using proc REG in SAS (SAS Institute, 1992). 
The standard error of the mean (SEM) and the least significant difference (LSD) at 
the 0.05 and 0.01 probability levels were calculated. 
SEM(x)=~ 
where: 
MSE = mean square of the error term used to test for significance, 
n = number of observations in each mean, and 
t = critical t value at 0.05 and 0.01 probability levels. 
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RESULTS AND DISCUSSION 
There were significant (P~0.05) differences in seed size among the F2:J lines within 
each of the 12 populations. The .LSHP x LSHP populations had the highest percentage of 
lines with seed size equal to or greater than the LSHP parents in the set (Tables 7-11). The 
range among the four LSHP x LSHP populations was 82 to 98% and the average was 92%. 
Transgressive segregation for larger seed size than the largest parent ranged from 0 to 15% 
and averaged 8% for the four populations. The percentage of F2:J lines smaller than either 
parent ranged from 2 to 18% and averaged 8% for the four populations. The transgressive 
segregation for seed size in the LSHP x LSHP crosses was consistent with the transgressive 
segregation for seed size reported by Weber and Moorthy (1952) for crosses between 
normal-sized parents and by Johnson et al. (2001) for crosses between small-seeded parents. 
The LSHP x normal populations had the lowest percentage of lines of the three 
population types with seed size equal to or larger than the smallest LSHP parent in the set 
(Tables 7-11). The range among the four populations was 1 to 30% and the average was 
14%. These results were similar to those of Bravo et al. (1981). In two-parent crosses 
between large-seeded and normal parents, they found only two out of 180 F2-derived lines 
within the confidence interval (P~0.05) of the largest parent in the crosses. The results 
indicated that the recovery of lines with seed size equal to the large-seeded parent of a large-
seeded x normal cross would be difficult. 
The average percentage of lines in the four three-parent populations that had a seed 
size equal to the smallest LSHP parent was 41 %, with a range from 20 to 56% (Tables 7-11 ). 
The seed size of the normal parent used in the three-parent cross had an impact on the 
percentage of segregates with sufficiently large seed. The normal parent in Population 33 
had considerably smaller seed that the normal parents used in the other three-parent 
populations. The percentage of lines with seed size equal to the smallest LSHP parent was 
only 20%, compared with 38, 51, and 56% in the other three-parent populations. Population 
23 had 8% transgressive segregation for larger seed size than the largest LSHP parent (Table 
8). Transgressive segregation for seed size was not found in the other three-parent 
populations. 
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Table 7. Distribution of seed size among the parents, F2 plants, and 100 Frderived lines of populations in Set 1. 
Frequency distribution 
Parent or population Range >LSHPl, =LSHPl# 2:LSHP2tt <LSHP2tt 
----------mg seed-1----------- ---------------------------%------------------------------
F2 plants x±2SDt 
A97-874007 (LSHPl)t 211.9 ±28.0 190.9-237.5 
A97-774049 (LSHP2) 192.4 ±46.2 167.7-233.2 
AP1995 (N) 147.4 ±20.6 131.2-162.0 
11 (LSHPl x N) 191.2 ±34.7 152.0-243.6 65 100 
12 (LSHPI x LSHP2) 216.3 ±39.1 164.0-274.7 8 88 100 
13 [LSHP2x (LSHPl x N)] 193.6 ±36.5 149.0-238.4 0 71 100 
Fi-derived lines x±2SEM§ 
A97-874007 (LSHPl) 223.2 ±11.0 209.4-238.5 
A97-774049 (LSHP2) 201.0 ± 8.2 189.9-213.3 
AP1995 (N) 150.9 ±10.1 133.2-169.7 
11 182.2 ± 5.1 158.6-212.7 0 15 
12 211.2 ± 5.4 179.7-236.1 2 48 93 
13 194.3 ± 5.4 157.4-234.2 0 7 51 
t LSHP 1 = large-seeded line, LSHP2 = large-seeded line used as third parent in the three-parent 
populations, N = normal-size parent. 
t Mean± two standard deviations for 10 parent plants and 100 F2 plants grown in Ames, IA in 1999. 
§ Mean ± two standard errors of the mean based on the error mean squares for IO entries of each 
parent and 100 F2,3 lines grown at two locations in 2000. 
Percentage of plants or lines with seed size significantly greater than the largest parent, A 97-87 4007. 
# Percentage of plants or lines with seed size equal to the largest parent, A97-874007. 
tt Percentage of plants or lines with seed size greater than or equal to the smaller large-seeded parent, 
A97-774049. 
tt Percentage of plants or lines with seed size significantly less than the smaller large-seeded parent, 
A97- 774049. 
0 
0 
0 
85 
7 
49 
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Table 8. Distribution of seed size among the earents, F2 elants, and 100 Frderived lines ofeoeulations in Set 2. 
Freguenc):'. distribution 
Parent or eoeulation Range >LSHP21 =LSHP2# ~LSHPltt <LSHPlH 
----------mg seed-1----------- ---------------------------%------------------------------
F2 plants x±2SDt 
A97-774065 (LSHPl)t 204.8 ±27.3 185.8-232.4 
A97-974005 (LSHP2) 231.1 ±30.0 218.7-259.8 
A96-494018 (N) 164.2 ±17.3 154.1-179.7 
21 (LSHPl x N) 173.0 ±28.6 141.9-206.5 0 5 34 
22 (LSHPl x LSHP2) 208.7 ±38.3 167.1-259.0 0 64 98 
23 [LSHP2 x (LSHPl x N)] 194.l ±35.0 144.2-247.l 0 29 81 
Frderived lines x±2SEM§ 
A97-774065 (LSHPl) 203.8 ± 5.9 188.6-210.0 
A97-974005 (LSHP2) 215.2 ± 4.6 202.3-224. 7 
A96-4940l8 (N) 156.0 ± 2.5 143.3-162.7 
21 183.8 ± 4.6 157 .9-221.6 2 8 
22 212.2 ± 5.2 190.4-237.3 15 44 98 
23 199.9 ± 7.3 172.0-236.9 8 11 56 
t Tl = large-seeded line, T2 = large-seeded line used as third parent in the three-parent populations, 
N = normal-size parent. 
t Mean± two standard deviations for 10 parent plants and 100 F2 plants grown in Ames, IA in 1999. 
§ Mean± two standard errors of the mean based on the error mean squares for l 0 entries of each 
parent and 100 F2:3 lines grown at two locations in 2000. 
1 Percentage of plants or lines with seed size significantly greater than the largest parent, A97-974005. 
# Percentage of plants or lines with seed size equal to the largest parent, A97-974005. 
tt Percentage of plants or lines with seed size greater than or equal to the smaller large-seeded parent, 
A97-774065. 
tt Percentage of plants or lines with seed size significantly less than the smaller large-seeded parent, 
A97-774065. 
66 
2 
19 
92 
2 
44 
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Table 9. Distribution of seed size among the earents, F2 eiants, and 100 Fi-derived lines ofeoeulations in Set 3. 
Freguenci: distribution 
Parent or eoeulation Range >LSHP11 =LSHPl# :2:LSHP2tt <LSHP2tt 
----------mg seed·1----------- ----------------%------------------------------
F2 plants x±2SDt 
A97-874063 (LSHPl)t 220.9 ±28.3 195.6-243.5 
A97-874052 (LSHP2) 198.0 ±28.4 181.5-227.3 
9306 (N) 127.0 ± 9.3 120.3-134.9 
31 {LSHPl x N) 169.5 ±30.5 140.5-206.3 0 10 42 58 
32 (LSHPl x LSHP2) 200.4 ±31.2 164.4-236.0 0 65 98 2 
33 [LSHP2 x (LSHPl x N)] 184.1 ±36.3 147.5-241.0 0 32 78 22 
Fi-derived lines x±2SEM§ 
A97-874063 (LSHPl) 209.6 ± 7.4 199.4-218.0 
A97-874052 (LSHP2) 205.2 ±10.9 183.0-220.6 
9306 (N) 137.8 ± 9.7 130.5-148.6 
31 173.l ±4.9 142.7-194.3 0 0 99 
32 203.7 ± 5.0 149.7-228.8 15 43 82 18 
33 183.8 ± 5.3 151.3-213.4 0 13 20 80 
t LSHPl = large-seeded line, LSHP2 = large-seeded line used as third parent in the three-parent populations, 
N = normal-size parent. 
t Mean± two standard deviations for 10 parent plants and 100 F2 plants grown in Ames, IA in 1999. 
§ Mean ± two standard errors of the mean based on the error mean squares for 10 entries of each parent and 
100 F2,3 lines grown at two locations in 2000. 
1 Percentage of plants or lines with seed size significantly greater than the largest parent, A97-874063. 
# Percentage of plants or lines with seed size equal to the largest parent, A97-874063. 
tt Percentage of plants or lines with seed size greater than or equal to the smaller large-seeded parent, 
A97-874052. 
U Percentage of plants or lines with seed size significantly less than the smaller large-seeded parent, 
A97-874052. 
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Table 10. Distribution of seed size among the earents, F2 eiants, and 100 Fi-derived lines ofeoeulations in Set 4. 
Freguenc~ distribution 
Parent or eoeulation Range >LSHP2i =LSHP2# ~LSHPltt <LSHPlH 
----------mg seed·1 %----
F2 plants x±2SDt 
A97-774007 (LSHPl)t 238.6±23.4 218.3-258.0 
A97-874014 (LSHP2) 243.4±39.6 218.8-277.9 
A94-674017 (N) 188.4±29.1 163.1-207.0 
41 (LSHPl x N) 194.5±27.6 162.0-226.3 0 28 6 94 
42 (LSHPl x LSHP2) 220.5±36.0 183.1-280.0 0 80 59 41 
43 [LSHP2 x (LSHPlxN)] 218.1±40.8 179.5-275.2 0 77 54 46 
Fi-derived lines x±2SEM§ >LSHP11 =LSHPl# ~LSHP2tt <LSHP2U 
A97-77 4007 (LSHP 1) 234.5±19.6 220.1-255.7 
A97-874014 (LSHP2) 217.3 ± 7.5 205.4-225.0 
A94-674017 (N) 186.4±13.5 174.0-192.2 
41 204.5 ± 6.3 171.8-237.8 0 16 30 70 
42 229.1 ± 5.6 204.9-250.0 0 94 96 4 
43 208.5 ± 7.0 175.3-243.1 0 32 38 62 
t LSHP 1 = large-seeded line, LSHP2 = large-seeded line used as third parent in the three-parent populations, 
N = normal-size parent. 
t Mean± two standard deviations for 10 parent plants and 100 F2 plants grown in Ames, IA in 1999. 
§ Mean ± two standard errors of the mean based on the error mean squares for 10 entries of each parent and 
100 F2:3 lines grown at two locations in 2000. 
1 Percentage of plants or lines with seed size significantly greater than the largest parent in the test 
environment. 
# Percentage of plants or lines with seed size equal to the largest parent in the test environment. 
tt Percentage of plants with seed size greater than or equal to the lower large-seeded parent in the test 
environment. 
U Percentage of plants or lines with seed size significantly less than the smaller large-seeded parent in 
the test environment. 
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Table 11. Distribution of seed size among the F2 plants and 100 Frderived lines averaged across the four sets. 
Frequency distribution 
Population >LSHP(L):j: =LSHP(L)§ ;?:LSHP(S)~ <LSHP(S)# 
---------------------------------%--------------------------------------------
F2 plants 
LSHPl X Nt 
LSHPl x LSHP2 
(LSHP 1 x N) x LSHP2 
Frderived lines 
LSHPl X N 
LSHP 1 x LSHP2 
(LSHP 1 x N) x LSHP2 
0 
2 
0 
0 
8 
2 
27 
74 
52 
5 
57 
16 
45 
89 
78 
14 
92 
41 
t LSHPl = large-seeded line, LSHP2 = large-seeded line used as the third parent in three-parent 
populations, N = normal-size parent. 
55 
11 
22 
87 
8 
59 
t Percentage of plants with seed size significantly greater than the largest parent used in the populations. 
§ Percentage of plants with seed size equal to the largest parent used in the populations. 
1 Percentage of plants with seed size greater than or equal to the smaller large-seeded parent used in the 
populations. 
# Percentage of plants with seed size significantly less than the smaller large-seeded parent used in the 
populations. 
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There were significant (P::;;0.05) differences in protein content among the F2:3 lines in 
each of the 12 populations. The LSHP x LSHP populations had the highest percentage of 
lines of the three population types with protein equal to or greater than the lowest LSHP 
parent in the set (Tables 12-16). There was a range of 85 to 99% and an average of 95% of 
the lines in the four populations equal to or higher in protein than the lowest LSHP parent in 
the set. Transgressive segregation for higher protein than the highest parent ranged from 1 to 
7% and averaged 4% for the four populations. The percentage ofF2:3 lines lower than the 
lowest LSHP parent ranged from 1 to 15% and averaged 5%. 
The LSHP x normal populations had the lowest percentage of lines of the three 
population types with protein content equal to or higher than the lowest LSHP parent in the 
set (Tables 12-16). The range was 3 to 76% and the average was 33%. 
The percentage of lines in the four three-parent populations that had protein content 
equal to the lowest LSHP parent averaged 66%, with a range from 57-73% (Tables 12-16). 
Population 23 had 5% transgressive segregation for higher protein content than either LSHP 
parent (Table 13). Transgressive segregation for protein content was not found in the other 
three-parent populations. 
The phenotypic correlation coefficients between seed size and protein for the F2:3 
lines ranged from 0.16 to 0.57 with a mean of 0.37 (Table 17). The positive correlation 
would favor the selection of LSHP segregates. The frequency of F2:3 lines that had seed size 
equal to or larger than the smallest LSHP parent and protein equal to or greater than the 
LSHP parent with the lowest protein averaged 88% for the LSHP x LSHP, 31 % for the three-
parent, and 4% for the LSHP x N populations (Tables 18-22). Based on the same criteria for 
the two traits, the range in percentage of acceptable lines was 82 to 95% for the LSHP x 
LSHP populations, 19 to 44% for the three-parent populations, and 1 to 7% for the LSHP x 
N populations. The LSHP x LSHP populations had a total of four transgressive segregates 
for both seed size and protein compared with none for the other two population types. 
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Table 12. Distribution of protein among the parents, F2 plants, and 100 Frderived lines of populations in Set 1. 
Frequency distribution 
Parent or population Range >LSHPI~ =LSHPI# ~LSHP2tt <LSHP2n 
d-1 ----------mg see ----------- ---------------------------%------------------------------
F2 plants 
A97-874007 (LSHPl)t 
A97-774049 (LSHP2) 
AP1995 (N) 
11 (LSHPl X N) 
12 (LSHPl x LSHP2) 
13 [LSHP2x (LSHPl x N)] 
Frderived lines 
A97-874007 (LSHPl) 
A97-774049 (LSHP2) 
AP1995 (N) 
11 
12 
13 
x ± 2SD t 
39.8 ± 2.5 
37.5 ± 1.7 
36.1 ± 2.9 
37.4 ± 2.0 
38.7 ± 2.4 
38.0 ± 2.3 
x±2SEM§ 
39.4 ± 0.4 
37.9 ± 0.7 
34.6 ± 0.8 
36.4 ± 0.3 
38.6 ± 0.3 
37.3 ± 0.3 
37.4-41.5 
36.1-39.0 
33.4-38.0 
35.0-39.6 
35.0-41.2 
35.5-40.8 
38.6-40.0 
37.2-38.5 
33.1-35.9 
33.9-38.9 
37.0-40.3 
35.5-39.4 
0 
0 
0 
0 
3 
0 
61 
89 
72 
0 
28 
4 
94 
99 
99 
20 
97 
57 
t LSHP 1 = high-protein line, LSHP2 = high-protein line used as third parent in the three-parent 
populations, N = normal-size parent. 
t Mean± two standard deviations for 10 parent plants and 100 F2 plants grown in Ames, IA in 1999. 
6 
80 
3 
43 
§ Mean ± two standard errors of the mean based on the error mean squares for 10 entries of each parent and 
100 F2:3 lines grown at two locations in 2000. 
Percentage of plants or lines with protein content significantly greater than the highest parent, 
A97-874007. 
# Percentage of plants or lines with protein content equal to the highest parent, A97-874007. 
tt Percentage of plants or lines with protein content greater than or equal to the lower high-protein parent, 
A97-774049. 
U Percentage of plants or lines with protein content significantly less than the lower high-protein 
parent, A97-774049. 
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Table 13. Distribution oferotein among the earents, F2 eiants, and 100 Fi-derived lines ofeoeulations in Set 2. 
Freguenc~ distribution 
Parent or eoeulation Range >LSHP2i =LSHP2# ~LSHPltt <LSHPlU 
mg seed·1 %- ----------
F2 plants x±2SDt 
A97-774065 (LSHPI)t 38.4 ± 1.6 37.1-39.5 
A97-974005 (LSHP2) 38.5 ± 1.2 37.6-39.7 
IA2050 (N) 35.9± 2.5 34.6-38.4 
21 {LSHPI x N) 36.9±2.2 34.4-39.9 39 52 48 
22 {LSHPl x LSHP2) 37.9 ± 1.2 35.5-39.8 3 74 88 12 
23 [LSHP2 x (LSHPl xN)] 37.7 ± 2.6 35.0-41.6 9 60 77 23 
Fi-derived lines x±2SEM§ >LSHPI,r =LSHPl# ~LSHP2tt <LSHP2H 
A97-774065 {LSHPl) 38.0 ± 0.6 37.4-38.6 
A97-974005 (LSHP2) 37.6 ± 0.5 37.1-38.3 
IA2050 (N) 34.8± 0.6 34.1-35.7 
21 36.7±0.4 34.5-39.2 2 24 32 68 
22 37.7 ± 0.3 36.3-39.2 7 59 85 15 
23 37.2 ± 0.3 35.1-39.7 5 42 65 35 
t LSHP I = high-protein line, LSHP2 = high-protein line used as third parent in the three-parent populations, 
N = normal-size parent. 
t Mean ± two standard deviations for IO parent plants and I 00 F 2 plants grown in Ames, IA in 1999. 
§ Mean ± two standard errors of the mean based on the error mean squares for 10 entries of each parent and 
100 F2:3 lines grown at two locations in 2000. 
,r Percentage of plants or lines with protein content significantly greater than the highest parent in the test 
environment. 
# Percentage of plants or lines with protein content equal to the highest parent in the test environment. 
tt Percentage of plants with protein content greater than or equal to the lower high-protein parent in the test 
environment. 
tt Percentage of plants or lines with protein content significantly less than the lower high-protein parent in 
the test environment. 
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Table 14. Distribution of protein among the parents, F2 plants, and 100 Fi-derived lines of populations in Set 3. 
Frequency distribution 
Parent or population Range >LSHPl~ =LSHPl# :2:LSHP2tt <LSHP2:j::j: 
----------mg seed·1----------- ---------------------------%------------------------------
F2 plants 
A97-874063 (LSHPl)t 
A97-874052 (LSHP2) 
9306 (N) 
31 (LSHPl x N) 
32 (LSHPl x LSHP2) 
3 3 [LSHP2 x (LSHP 1 x N)] 
Fi-derived lines 
A97-874063 (LSHPl) 
A97-874052 (LSHP2) 
9306 (N) 
31 
32 
33 
x ± 2S D t 
38.4 ± 2.6 
37.1 ± 1.3 
35.0 ± 2.1 
37.0 ± 2.3 
37.1 ±2.0 
37.1 ±2.2 
x±2SEM§ 
37.8 ± 0.6 
36.6 ± 0.7 
34.5 ± 0.7 
36.4 ± 0.3 
37.1 ±0.3 
36.5 ± 0.4 
36.4-40.2 
36.0-37.9 
33.6-36.6 
34.7-39.6 
34.5-39.8 
34.9-40.0 
36.3-38.7 
35.9-37.3 
33.8-35.6 
34.3-38.5 
35.2-39.1 
34.5-38.3 
0 
0 
0 
4 
0 
88 
95 
90 
14 
38 
24 
88 
95 
90 
76 
99 
73 
12 
5 
10 
24 
27 
t LSHP 1 = high-protein line, LSHP2 = high-protein line used as third parent in the three-parent populations, 
N = normal-size parent. 
! Mean± two standard deviations for 10 parent plants and 100 F2 plants grown in Ames, IA in 1999. 
§ Mean ± two standard errors of the mean based on the error mean squares for 10 entries of each parent and 
100 F2:3 lines grown at two locations in 2000. 
Percentage of plants or lines with protein content significantly greater than the highest parent, A97-874063. 
# Percentage of plants or lines with protein content equal to the highest parent, A97-874063. 
tt Percentage of plants or lines with protein content greater than or equal to the lower high-protein parent, 
A97-874052. 
U Percentage of plants or lines with protein content significantly less than the lower high-protein parent, 
A97-874052. 
34 
Table 15. Distribution of protein among the parents, F2 plants, and 100 Fi-derived lines of populations in Set 4. 
Frequency distribution 
Parent or population Range >LSHP21 =LSHP2# ~LSHPltt <LSHPl:l::l: 
----------mg seed· 1 ----------- ---------------------------%------------------------------
F2 plants 
A97-774007 (LSHPl)t 
A97-874014 (LSHP2) 
IA2038 (N) 
41 (LSHPl x N) 
42 (LSHPl x LSHP2) 
43 [LSHP2 x (LSHPl x N)] 
Fi-derived lines 
A97-774007 (LSHPl) 
A97-874014 (LSHP2) 
IA2038 (N) 
41 
42 
43 
x ± 2S D t 
37.7 ± 1.9 36.1-39.0 
39.5 ± 2.2 37.6-41.0 
34.4 ± 2.9 32.0-36.4 
36.8 ± 2.3 34.3-39.6 
38.6 ± 2.5 35.0-41.0 
37.8 ± 2.4 35.4-40.7 
x±2SEM§ 
38.0 ± 0.7 37.3-38.7 
39.3 ± 0.6 38.7-39.8 
34.4 ± 0.7 34.1-34.8 
36.2 ± 0.3 34.7-37.8 
38.6 ± 0.3 36.8-40.5 
37.7 ± 0.3 35.6-39.6 
0 
0 
0 
0 
0 
31 
87 
67 
0 
47 
11 
84 
99 
98 
3 
99 
67 
16 
2 
97 
33 
t LSHP 1 = high-protein line, LSHP2 = high-protein line used as third parent in the three-parent populations, 
N = normal-size parent. 
:l: Mean ± two standard deviations for IO parent plants and 100 F 2 plants grown in Ames, IA in 1999. 
§ Mean ± two standard errors of the mean based on the error mean squares for 10 entries of each parent and 
100 F23 lines grown at two locations in 2000. 
1 Percentage of plants or lines with protein content significantly greater than the highest parent, 
A97-774007. 
# Percentage of plants or lines with protein content equal to the highest parent, A97-77 4007. 
tt Percentage of plants or lines with protein content greater than or equal to the lower high-protein parent, 
A97-874014. 
U Percentage of plants or lines with protein content significantly less than the lower high-protein parent, 
A97-874014. 
35 
Table 16. Distribution of protein among the F2 plants and 100 Frderived lines averaged across the four sets. 
Population 
F2 plants 
LSHPl X Nt 
LSHPl x LSHP2 
(LSHPl x N) x LSHP2 
Fi-derived lines 
LSHPl X N 
LSHP 1 x LSHP2 
(LSHP 1 x N) x LSHP2 
Frequency distribution 
>LSHP(L)+ =LSHP(L)§ 2LSHP(S)~ <LSHP(S)# 
-------------------------------------------------%------------------------------------
0 
2 
4 
55 
86 
72 
10 
43 
20 
79 
95 
91 
33 
95 
66 
21 
5 
9 
67 
5 
34 
t LSHPl = high-protein line, LSHP2 = high-protein line used as the third parent in three-parent populations, N 
= normal-size parent. 
t Percentage of plants or lines with protein content significantly greater than the highest parent used in the 
populations. 
§ Percentage of plants or lines with protein content equal to the highest parent used in the populations. 
1 Percentage of plants or lines with protein content greater than or equal to the lower high-protein parent 
used in the populations. 
# Percentage of plants or lines with protein content significantly less than the lower high-protein parent 
36 
Table 17. Correlation estimates between protein and seed size among F2:3 lines. 
Population Typet Correlation coefficient 
Set I 
I 1 LSHPl xN 0.26** 
12 LSHPl x LSHP2 0.34** 
13 LSHP2 x (LSHP 1 x N) 0.38** 
Set 2 
21 LSHPl xN 0.50** 
22 LSHPl x LSHP2 0.32** 
23 LSHP2 x (LSHPl x N) 0.44** 
Set 3 
31 LSHPl xN 0.48** 
32 LSHPl x LSHP2 0.35** 
33 LSHP2 x (LSHP l x N) 0.57** 
Set 4 
41 LSHPl xN 0.33** 
42 LSHPl x LSHP2 0.16 
43 LSHP2 x (LSHP 1 x N) 0.34** 
* * Significantly different from zero at the 1 % probability level. 
t LS/HPl = large-seeded, high-protein parent, LS/HP2 = large-seeded, high-protein parent used 
as the third parent in the three-parent population, N = normal-sized parent. 
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The effectiveness of single-plant selection for large seed size was evaluated by 
computing heritability estimates based on regression and phenotypic correlation of the seed 
size of the F2 plants and the mean of their F2:3 lines. The estimates from the regression 
analysis ranged from 0.14 to 0.39 over the 12 populations (Table 23). The heritability 
estimates obtained by phenotypic correlation ranged from 0.31 to 0.66 (Table 23). The 
estimates were similar to those reported in other studies. Johnson et al. (2001) reported 
heritability estimates based on parent-offspring phenotypic correlation and parent-offspring 
regression analysis in two-parent and three-parent soybean populations made between small-
seeded and normal parents. The estimates were based on the seed size of F 2 plants and the 
mean seed size of their F2:3 lines. Their estimates for the regression analysis ranged from 
0.15 to 0.70 and the estimates for phenotypic correlation analysis ranged from 0.30 to 0.81 
among the 15 populations. Carpenter and Fehr (1986) obtained heritability estimates of 0.72 
and 0.81 based on phenotypic correlations between the seed size of F2 plants and their F2-
derived lines for two crosses between G. soja and G. max parents. Bravo et al. (1980) 
calculated broad-sense heritability estimates based on variance components for single plants 
from F2:3 lines grown at two Iowa locations. For the six soybean crosses between large-
seeded and normal parents the average heritability was 27% on a single-plant basis. LeRoy 
et al. ( 1991) estimated broad-sense heritability estimates for seed weight based on variance 
components among three G. max x G. soja crosses. They evaluated single plants from 40 F2:3 
lines grown in two replications at four Iowa environments and reported average heritabilities 
of 35% on a single-plant basis. 
The effectiveness of single-plant selection for high protein was evaluated by 
computing heritability estimates based on regression and phenotypic correlation of the 
protein content of the F2 plants and the mean of their F2:3 lines. The estimates from the 
regression analysis ranged from 0.09 to 0.44 over the 12 populations (Table 24). The 
heritability estimates obtained by phenotypic correlation analysis ranged from 0.1 0 to 0.51 
(Table 24). 
43 
Table 23. Heritability estimates for seed size based on variance components, parent-offspring regression, and 
2arent-offs2ring Ehenotypic correlation. 
Variance comEonent Regression Correlation 
PoEulation Typet Plot Entry-mean; coefficient coefficient** 
Set I 
11 LSHPI xN 0.40 ± 0.03 0.71 ± 0.05 0.25 ± 0.05 0.43 
12 LSHP 1 x LSHP2 0.40 ± 0.03 0.71 ± 0.05 0.29 ± 0.05 0.52 
13 LSHP2 x (LSHP 1 x N) 0.57 ± 0.03 0.84 ± 0.05 0.28 ± 0.07 0.40 
Set 2 
21 LSHPl xN 0.54 ± 0.03 0.82 ± 0.05 0.27 ± 0.08 0.34 
22 LSHP 1 x LSHP2 0.27 ± 0.02 0.60 ± 0.05 0.14± 0.04 0.33 
23 LSHP2 x (LSHP 1 x N) 0.34 ± 0.03 0.66 ± 0.05 0.39 ± 0.06 0.52 
Set 3 
31 LSHPl xN 0.49 ± 0.03 0.79 ± 0.05 0.39 ± 0.06 0.57 
32 LSHP 1 x LSHP2 0.56 ± 0.03 0.82 ± 0.05 0.29 ± 0.08 0.34 
33 LSHP2 x (LSHPl x N) 0.59 ± 0.03 0.85 ± 0.05 0.50 ± 0.06 0.66 
Set 4 
41 LSHPI xN 0.46 ± 0.03 0.76 ± 0.05 0.29 ± 0.08 0.35 
42 LSHP 1 x LSHP2 0.20 ± 0.02 0.45 ± 0.06 0.17 ± 0.05 0.31 
43 LSHP2 x (LSHP I x N) 0.48 ± 0.03 0.79 ± 0.05 0.36 ± 0.06 0.49 
** All the phenotypic correlation coefficients were significantly different from zero at the I% probability 
level. 
t LSHP I = large-seeded, high-protein parent, LSHP2 = large-seeded, high-protein parent used as the third 
parent in the three-parent population, N = normal-size parent. 
; Based on two replications at each of two locations. 
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Table 24. Heritability estimates for protein content based on variance components, parent-offspring regression, 
and earent-offsering ehenotypic correlation. 
Variance comeonent Regression Correlation 
Poeulation Typet Plot Entry-meant Coefficient coefficient** 
Set 1 
11 LSHPl xN 0.67 ± 0.04 0.88 ± 0.05 0.36 ± 0.09 0.38** 
12 LSHPl x LSHP2 0.36 ± 0.03 0.65 ± 0.05 0.09 ± 0.05 0.16 
13 LSHP2 x (LSHP 1 x N) 0.64± 0.04 0.87 ± 0.05 0.22 ± 0.08 0.28** 
Set 2 
21 LSHPl xN 0.57 ± 0.03 0.83 ± 0.05 0.44 ± 0.06 0.51 ** 
22 LSHP 1 x LSHP2 0.33 ± 0.03 0.62 ± 0.05 0.06 ± 0.06 0.10 
23 LSHP2 x (LSHP 1 x N) 0.65 ± 0.04 0.87 ± 0.05 0.35 ± 0.07 0.48** 
Set 3 
31 LSHPl x N 0.51 ± 0.03 0.78 ± 0.05 0.25 ± 0.06 0.37** 
32 LSHP 1 x LSHP2 0.45 ± 0.03 0.76 ± 0.05 0.16±0.07 0.24** 
33 LSHP2 x (LSHPl x N) 0.48 ± 0.03 0.78 ± 0.05 0.22 ± 0.08 0.27** 
Set 4 
41 LSHPl xN 0.41 ± 0.03 0.71 ± 0.05 0.22 ± 0.05 0.40** 
42 LSHP 1 x LSHP2 0.46 ± 0.03 0.78 ± 0.05 0.15 ± 0.05 0.29** 
43 LSHP2 x (LSHP 1 x N) 0.41 ± 0.03 0.71 ± 0.05 0.23 ± 0.07 0.32** 
** Significantly different from zero at the 1 % probability level. 
t LSHP 1 = large-seeded, high-protein parent, LSHP2 = large-seeded, high-protein parent used as the third 
parent in the three-parent population, N = normal-size parent. 
t Based on two replications at each of two locations. 
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The frequency of acceptable lines for seed size and protein in the three population 
types has a direct bearing on the evaluation of single plants to identify those most likely to 
meet the selection criteria in subsequent generations of testing. The frequency of acceptable 
lines was so high in the four LSHP x LSHP populations that the time and cost of evaluating 
single plants does not seem to be justified. Furthermore, many of the F2 plants rejected based 
on their seed size or protein were acceptable when evaluated more extensively as lines 
(Tables 25 and 26). For example, of the 24 F2 plants in the four LSHP x LSHP populations 
that were rejected for seed size, 18 (75%) of them should have been accepted based on their 
progeny performance. For the 376 F2 plants that were accepted for seed size, only 25 (7%) 
should have been rejected. Acceptance error was low for protein in three of the four LSHP 
- -
x LSHP populations and rejection error was high in the four populations (Table 26). Of the 
380 F2 plants accepted for protein in the four populations, only 9% should have been 
rejected. Of the 20 F2 plants rejected, 17 (95%) of them were acceptable as F2:J lines. 
Single-plant selection in the LSHP x normal populations may not be justified because 
the frequency of acceptable lines for seed size and protein was low and the acceptance error 
was high. On the average, only 4% of the lines were acceptable for the two traits (Table 22). 
Of the 167 F2 plants accepted for seed size from the four populations, 135 (81 %) should have 
been rejected (Table 25). Of the total 267 plants accepted for protein, 181 (68%) should have 
rejected (Table 26). 
The effectiveness of single-plant selection for seed size and protein in the three-parent 
populations was evaluated by two procedures. The first procedure was to test the progeny of 
all plants that met the criteria for seed size and protein without considering the rank of plants 
for the traits (Tables 25 and 26). With that procedure, a total of 336 plants were accepted for 
seed size, of which 178 (53%) should have been rejected. Of the 64 plants rejected for seed 
size, 7 (11 %) should have been selected. For protein, 356 plants were accepted, of which 
115 (32%) should have been rejected. Of the 44 plants rejected, 21 (47%) should have been 
accepted. 
The second procedure for single-plant selection in the three-parent populations was to 
rank the plants independently for seed size and protein, identify those that met the criteria 
based on comparison with the parents, and advance for further testing only those of the 
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Table 25. Errors associated with selection for seed size among 100 F2 soybean plants based on the mean seed 
size of their F2:3 lines in each of 12 so_ybean eoeulations. 
Acceptance! Rejection§ 
Plants No Plants No 
Population Typet selected error Error selected error Error 
-------------------------------------no.--------------------------------------
Set 1 
11 LSHPl X N 100 15 85 0 0 0 
12 LSHPl x LSHP2 100 93 7 0 0 0 
13 LSHP2 x (LSHPl x N) 100 51 49 0 0 0 
Set 2 
21 LSHPl x N 34 5 29 66 63 3 
22 LSHP 1 x LSHP2 98 96 2 2 0 2 
23 LSHP2 x (LSHP 1 x N) 81 52 29 19 15 4 
Set 3 
31 LSHPl x N 5 0 5 95 94 
32 LSHP 1 x LSHP2 98 82 16 2 2 0 
33 LSHP2 x (LSHPl x N) 78 19 59 22 21 
Set 4 
41 LSHPl x N 28 12 16 72 54 18 
42 LSHP 1 x LSHP2 80 80 0 20 4 16 
43 LSHP2 x (LSHP 1 x N) 77 36 41 23 22 
t LSHP I =large-seeded, high-protein line, LSHP2=large-seeded, high-protein line used as the third parent in the 
three-parent populations, N=normal-size 
t Acceptance error was the selection ofF2 plants that did not have acceptable seed size when evaluated as F2:3 
lines. 
§ Rejection error was the failure to select F2 plants that had acceptable seed size when evaluated as F2:3 lines. 
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Table 26. Errors associated with selection for protein among 100 F2 soybean plants based on the mean protein 
of their F23 lines in each of 12 soybean eoeulations. 
Acceptance; Rejection§ 
Plants No Plants No 
Population Typet selected error Error selected error Error 
------------no.---------------------------------------
Set 1 
11 LSHPl x N 94 19 75 6 5 
12 LSHP 1 x LSHP2 99 96 3 0 
13 LSHP2 x (LSHP 1 x N) 99 57 42 0 
Set 2 
21 LSHPl xN 40 24 16 60 52 8 
22 LSHP 1 x LSHP2 77 66 11 23 4 19 
23 LSHP2 x (LSHP 1 x N) 69 52 17 31 18 13 
Set 3 
31 LSHPl xN 49 40 9 51 15 36 
32 LSHP 1 x LSHP2 95 95 0 5 4 
33 LSHP2 x (LSHPl x N) 90 65 25 IO 2 8 
Set 4 
41 LSHPl X N 84 3 81 16 16 0 
42 LSHPl x LSHP2 99 98 0 
43 LSHP2 x (LSHP 1 x N) 98 67 31 2 2 0 
t LSHPl =large-seeded, high-protein line, LSHP2=1arge-seeded, high-protein line used as the third parent in the 
three-parent populations, N=normal parent 
; Acceptance error was the selection ofF2 plants that did not have acceptable protein when evaluated as F23 
lines. 
§ Rejection error was the failure to select F2 plants that had acceptable protein when evaluated as F2,3 lines. 
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highest ranking, even though some plants of lower ranking may have met the selection 
criteria (Tables 27 and 28). For the three-parent population in Set 3, all the lines with 
acceptable size were from plants that ranked in the top 40%, even though 78% of the F2 
plants met the selection criteria. If the largest 40% of the plants were accepted in each of the 
populations, 70 (44%) of the 160 plants in the four populations should have been rejected, 
which is an improvement over the 53% acceptance error for the procedure in which ranking 
was not considered. 
Determining the percentage of the ranked plants to save for protein was more difficult 
than for seed size because there was not a distinct trend in the percentage of acceptance error 
for the 10 deciles (Table 28). Nevertheless, saving plants that ranked the highest for protein 
was an advantage over the first procedure. For example, by selecting plants that ranked in 
the top 50% of the populations for protein, 56 (28%) of the 200 plants saved in the four 
populations should have been rejected, compared with 32% acceptance error for the first 
procedure. 
Broad-sense heritability estimates for seed size on a plot basis averaged 0.44 and 
ranged from 0.20 to 0.59 for the 12 populations (Table 23). The heritability estimates on an 
entry-mean basis averaged 0.73 and ranged from 0.45 to 0.85. Johnson et al. (2001) reported 
an average heritability on a plot basis of 0.69 and an average entry-mean heritability of 0.88 
for two-parent and three-parent crosses made between small-seeded and conventional 
parents. Bravo et al. (1980) calculated average heritability estimates for six soybean crosses 
between large-seeded and normal-size parents. They reported a heritability on a plot basis of 
0.41 and an entry-mean basis of 0.71. Weber and Moorthy (1952) calculated broad-sense 
heritabilities on a plot basis for three crosses between normal-size parents. They reported an 
average heritability of 0.54 for the three crosses. LeRoy et al. (1991) reported heritability 
estimates for three crosses between G. max and G. soja parents. They reported 0.52 on a plot 
basis and 0.89 on an entry-mean basis. 
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Table 27. Errors, by decile, associated with F2 plant selection for large seed size in three-parent soybean 
eoeulations from four sets. 
Acceptancet Rejection§ 
Plants No Plants No 
Poeulation Decilet selected error Error selected error Error 
-------------------------------------------no.------------- ------------------
Set l 
1-10 IO 7 3 0 0 0 
11-20 IO 7 3 0 0 0 
21-30 10 6 4 0 0 0 
31-40 10 8 2 0 0 0 
41-50 10 4 6 0 0 0 
51-60 10 5 5 0 0 0 
61-70 10 3 7 0 0 0 
71-80 10 4 6 0 0 0 
81-90 10 4 6 0 0 0 
91-100 IO 3 7 0 0 0 
Set 2 
1-10 IO 8 2 IO 9 
11-20 10 7 ,., 9 6 3 ., 
21-30 10 7 3 0 0 0 
31-40 IO 6 4 0 0 0 
41-50 10 9 0 0 0 
51-60 10 7 3 0 0 0 
61-70 IO 6 4 0 0 0 
71-80 10 2 8 0 0 0 
81-90 0 9 6 3 
91-100 0 0 0 10 9 
t 1-10= largest IO F2 plants in the population, 91-100= smallest 10 F2 plants in the population. 
t Acceptance error was the selection ofF2 plants that did not have acceptable seed size when 
evaluated as F2,3 lines. 
§ Rejection error was the selection ofF2 plants that had acceptable seed size when 
evaluated as F2,3 lines. 
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Table 27. (Continued). 
Acceptance Rejection 
Plants No Plants No 
Poeulation Decile selected error Error selected error Error 
------------------------- -------no.-------------------------------------------
Set 3 
1-10 10 6 4 0 0 0 
11-20 IO 4 6 0 0 0 
21-30 IO 6 4 0 0 0 
31-40 IO 3 7 0 0 0 
41-50 10 0 IO 0 0 0 
51-60 10 0 10 0 0 0 
61-70 IO 0 10 0 0 0 
71-80 8 0 8 2 2 0 
81-90 0 0 0 IO 9 
91-100 0 0 0 10 10 0 
Set 4 
1-10 IO 5 5 0 0 0 
11-20 IO 4 6 0 0 0 
21-30 IO 3 7 0 0 0 
31-40 IO 3 7 0 0 0 
41-50 10 6 4 0 0 0 
51-60 4 2 2 6 5 
61-70 0 0 0 10 9 
71-80 0 0 0 IO 8 2 
81-90 0 0 0 10 7 3 
91-100 0 0 0 IO 8 2 
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Table 28. Errors, by decile, associated with F2 plant selection for high protein in three-parent soybean 
202ulations from four sets. 
Acceptancet Rejection§ 
Plants No Plants No 
Po2ulation Decilet selected error Error selected error Error 
---------------------------no.-------------------------------------------
Set 1 
1-10 IO 8 2 0 0 0 
11-20 10 7 3 0 0 0 
21-30 10 5 5 0 0 0 
31-40 10 6 4 0 0 0 
41-50 10 7 3 0 0 0 
51-60 10 7 3 0 0 0 
61-70 IO 5 5 0 0 0 
71-80 10 4 6 0 0 0 
81-90 10 5 5 0 0 0 
91-100 9 3 6 0 
Set 2 
1-10 IO 9 0 0 0 
11-20 10 5 5 0 0 0 
21-30 IO 6 4 0 0 0 
31-40 IO 4 6 0 0 0 
41-50 IO 7 3 0 0 0 
51-60 10 5 5 0 0 0 
61-70 10 5 5 0 0 0 
71-80 7 2 5 3 2 
81-90 0 0 0 10 8 2 
91-100 0 0 0 10 9 
t 1-10= highest 10 F2 plants in the population, 91-100= lowest IO F2 plants in the population. 
t Acceptance error was the selection ofF2 plants that did not have acceptable protein when evaluated as F2,3 
lines. 
§ Rejection error was the selection ofF2 plants that had acceptable seed protein when evaluated as F2,3 lines. 
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Table 28. (Continued). 
Acceptance Rejection 
Plants No Plants No 
Poeulation Decile selected error Error selected error Error 
-------------------------------------------no.-------------------------------------------
Set 3 
1-10 10 7 3 0 0 0 
11-20 10 9 0 0 0 
21-30 10 9 0 0 0 
31-40 10 9 0 0 0 
41-50 10 6 4 0 0 0 
51-60 10 6 4 0 0 0 
61-70 10 7 3 0 0 0 
71-80 10 7 3 0 0 0 
81-90 10 6 4 0 0 0 
91-100 0 0 0 10 3 7 
Set 4 
1-10 10 8 2 0 0 0 
11-20 10 8 2 0 0 0 
21-30 10 8 2 0 0 0 
31-40 10 9 0 0 0 
41-50 10 7 3 0 0 0 
51-60 10 7 3 0 0 0 
61-70 10 5 5 0 0 0 
71-80 10 8 2 0 0 0 
81-90 10 7 3 0 0 0 
91-100 8 0 8 2 2 0 
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Broad-sense heritability estimates for protein on a plot basis averaged 0.50 and 
ranged from 0.33 to 0.67 for the 12 populations (Table 24). The heritability estimates on an 
entry-mean basis averaged 0.77 and ranged from 0.62 to 0.88. Thome and Fehr (1970) 
studied the incorporation of high-protein exotic germ plasm into adapted soybean populations 
by two-way and three-way crosses. They calculated heritability estimates for protein content 
based on Fn two-parent lines and F2:6 three-parent lines. The average heritabilities on an 
entry-mean basis were 90.7% for the six two-way populations and 90.5% for the six three-
way populations. Cianzio and Fehr (1982) studied the genetic variability of protein in 
crosses between high- and low-protein parents of soybean. The two low-protein parents used 
were cultivars and the high-protein parents were plant introductions. They reported broad-
sense heritabilities on an entry-mean basis ranging from 76% to 89%. Shannon et al. (1972) 
evaluated six populations, one high protein x high protein, four high protein x high yield, and 
one high yield x high yield. They reported broad-sense heritability estimates on an entry-
mean basis for the six populations ranging from 81 % to 96%. 
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CONCLUSION 
It is possible to develop large-seeded, high-protein cultivars with the three population 
types; however, the most suitable populations in my study were the LSHP x LSHP two-
parent populations and the LSHP x (LSHP x N) three-parent populations. The LSHP x 
normal population type may produce desirable segregates if the seed size and protein content 
of the normal parent is greater than that of common cultivars, or the seed size and protein of 
the LSHP parents are exceptionally high. The seed size and protein content of the LSHP and 
normal parents also should be considered for three-parent populations to obtain a high 
frequency of segregates with the desired phenotype. 
Single-plant selection would be most cost effective in three-parent populations. The 
best results would be obtained by ranking individuals for the two traits and selecting those 
with the highest rank, instead of selecting all individuals equal to one of the LSHP parents in 
the cross. It may not be cost effective to measure seed size and protein content from 
individual plants from LSHP x normal and LSHP x LSHP populations. 
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APPENDIX A 
MEANS OF GENOTYPES AT INDIVIDUAL LOCATIONS AND ACROSS IOWA 
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Table Al. Seed size and protein content of individual F2 plants and parents, and ofF2:3 lines and parents at 
individual locations and combined across locations for Set 1. 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~t Burke~§ xi F2 Plant# Agronomytt Burkey±± x§§ F2 Planti'[,r 
d-1 ------------------mg see ----------------- -------------------------------%-------------------------
1 182.0 175.3 178.7 174.8 37.5 38.3 37.9 35.0 
2 176.2 167.8 172.0 188.9 37.0 38.3 37.6 39.4 
3 194.5 182.1 188.3 170.4 35.7 37.5 36.6 36.5 
4 190.9 193.2 192.0 191.4 36.4 36.9 36.6 37.6 
5 192.3 178.9 185.6 172.2 37.8 38.1 37.9 38.6 
6 202.2 184.2 193.2 195.3 36.1 36.5 36.3 37.9 
7 181.8 176.0 178.9 162.5 35.5 36.5 36.0 36.7 
8 171.7 169.9 170.8 180.2 33.7 35.2 34.4 35.8 
9 215.9 158.1 187.0 219.1 37.4 37.8 37.6 39.1 
10 182.0 156.6 169.3 174.6 36.1 38.2 37.1 36.7 
11 179.0 169.6 174.3 168.4 35.8 36.0 35.9 38.6 
12 186.0 174.3 180.2 187.8 36.6 37.2 36.9 37.8 
13 194.8 172.6 183.7 203.3 36.4 38.0 37.2 37.0 
14 188.8 178.0 183.4 198.3 36.2 36.6 36.4 38.1 
15 203.3 186.3 194.8 211.1 36.5 36.9 36.7 39.3 
16 183.0 172.2 177.6 201.5 36.3 37.4 36.8 37.9 
17 184.1 171.8 178.0 175.1 36.6 36.9 36.7 37.9 
t Entry numbers were preceded by 828. For example, entry 1 was 828001. Entries 1 to 100 were from 
population 11, 101 to 200 were from Population 12,201 to 300 were from Population 13,301 to 310 were 
A97-874007, 311 to 320 were A97-774049, and 321-330 were AP1995. 
t Mean seed size ofF2:3 lines across two replications at the Agronomy Farm in 2000. 
§ Mean seed size ofF2:3 lines across two replications at the Burkey Farm in 2000. 
,r Mean seed size ofF2,3 lines across the two locations in Iowa in 2000. 
# Seed size ofan individual F2 or parent plant grown in 1999. 
tt Mean protein content ofF2:3 lines across two replications at the Agronomy Farm in 2000. 
H Mean protein content ofF2:3 lines across two replications at the Burkey Farm in 2000. 
§§ Mean seed size ofF2:3 Jines across the two locations in Iowa in 2000. 
,r,r Protein content of an individual F2 or parent plant grown in 1999. 
## Standard error of the mean based on the error mean square. 
ttt Least significant difference at the 0.05 and 0.01 probability levels based on the error mean square. 
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Table A 1. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~! Burkey§ X 1 F2 Plant# Agronom~tt Burkey U x§§ F2 Plant,i1 
d-1 -------------------------------%--------------------------------------------------mg see -----------------
18 192.6 167.4 180.0 185.8 35.4 36.4 35.9 36.0 
19 191.4 179.3 185.3 194.7 34.5 36.7 35.6 35.3 
20 214.0 190.6 202.3 213.4 37.4 38.6 38.0 37.9 
21 189.2 196.9 193.0 211.0 36.1 36.5 36.3 37.7 
22 167.0 163.5 165.3 184.7 34.4 34.3 34.3 36.7 
23 189.5 175.6 182.5 201.4 36.3 36.0 36.2 37.7 
24 186.1 172.7 179.4 186.4 33.5 34.3 33.9 36.3 
25 176.4 169.2 172.8 188.0 35.3 36.2 35.8 36.7 
26 175.3 173.9 174.6 181.5 36.4 37.6 37.0 38.0 
27 191.8 180.3 186.1 164.6 36.7 36.8 36.7 35.6 
28 174.9 169.0 171.9 190.7 36.3 38.3 37.3 36.1 
29 199.1 180. l 189.6 199.0 36.9 36.4 36.7 36.0 
30 190.0 181.0 185.5 200.8 36.0 37.3 36.7 37.1 
31 177.2 179.5 178.3 152.1 38.2 39.6 38.9 36.2 
32 210.8 201.3 206.0 217.2 35.7 36.4 36.0 37.4 
33 175.9 158.2 167.0 177.3 35.9 36.1 36.0 38.2 
34 191.6 180.8 186.2 167.3 37.5 38.6 38.1 36.6 
35 186.7 176.9 181.8 186.0 36.4 38.1 37.2 37.8 
36 181.6 171.7 176.7 180.2 35.6 35.7 35.6 37.0 
37 201.2 176.8 189.0 200.7 35.9 36.8 36.4 38.2 
38 207.3 186.3 196.8 194.4 36.8 37.5 37.1 36.8 
39 200.3 182.3 191.3 200.9 35.7 36.0 35.8 36.3 
40 194.2 177.1 185.7 179.4 36.0 37.9 36.9 38.2 
41 189.0 187.5 188.2 170.0 34.5 34.4 34.4 35.3 
42 190.0 173.9 182.0 216.7 36.4 37.2 36.8 37.6 
43 178.0 173.6 175.8 181.9 36.1 37.3 36.7 38.0 
44 196.7 192.8 194.8 197.3 37.3 38.8 38.0 38.4 
45 174.8 174.2 174.5 214.8 35.0 36.8 35.9 38.1 
46 202.4 179.8 191.1 199.6 36.4 36.6 36.5 36.6 
47 198.4 168.4 183.4 188.3 35.8 36.4 36.1 37.6 
48 180.7 162.3 171.5 182.0 35.1 35.3 35.2 37.0 
49 202.1 190.7 196.4 209.3 37.2 37.5 37.3 39.1 
50 176.5 177.2 176.8 186.6 35.0 36.2 35.6 38.2 
51 170.6 163.9 167.3 164.4 35.8 36.1 35.9 37.8 
52 189.4 170.2 179.8 183.7 36.4 36.9 36.6 37.5 
53 221.4 203.9 212.7 223.4 36.4 36.4 36.4 38.4 
54 172.3 178.4 175.3 197.8 34.9 36.3 35.6 38.0 
55 169.6 166.5 168.0 175.2 35.3 36.2 35.7 35.8 
56 198.7 183.6 191.2 218.4 38.0 39.2 38.6 39.0 
57 185.7 184.5 185.1 191.1 35.8 36.1 35.9 36.8 
58 177.1 169.3 173.2 190.5 34.4 35.2 34.8 35.8 
59 189.4 189.4 189.4 199.3 35.8 37.2 36.5 38.0 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F23 lines F2:3 lines 
Entryt Agronom~t Burkey§ xi F2 Plant# Agronom~tt Burke~ ti; x§§ F 2 Plantifi[ 
d-1 -------------------------------%-----------------------------------mg see -----------------
60 196.7 186.8 191.7 197.6 35.8 36.7 36.2 36.6 
61 182.8 158.7 170.8 192.0 35.9 36.5 36.2 37.7 
62 208.3 177.7 193.0 205.8 37.3 38.0 37.6 39.6 
63 197.5 173.8 185.7 152.0 35.9 36.4 36.1 35.5 
64 188.9 175.8 182.3 189.6 35.3 36.2 35.7 36.9 
65 175.5 141.6 158.6 198.3 33.6 36.8 35.2 36.4 
66 211.9 202.9 207.4 201.2 36.8 36.7 36.7 38.0 
67 191.9 157.9 174.9 170.0 35.6 36.6 36.1 36.4 
68 189.1 164.2 176.7 219.0 34.3 35.4 34.8 36.0 
69 195.9 182.8 189.3 178.2 35.6 36.9 36.3 37.2 
70 198.4 194.2 196.3 203.3 35.7 37.3 36.5 39.3 
71 191.6 175.5 183.5 190.5 36.1 37.4 36.7 38.3 
72 202.1 196.9 199.5 205.3 35.8 36.0 35.9 37.3 
73 182. l 184.4 183.3 202.5 37.0 38.3 37.7 37.5 
74 169.3 154.8 162.0 162.1 36.3 38.3 37.3 37.7 
75 173.6 169.6 171.6 186.4 34.3 35.6 34.9 37.5 
76 183.2 149.2 166.2 196.4 36.8 36.9 36.8 37.9 
77 195.8 185.2 190.5 239.6 34.9 35.5 35.2 37.9 
78 192.9 198.7 195.8 226.7 37.0 37.4 37.2 37.1 
79 168.1 152.4 160.3 199.3 35.2 36.4 35.8 37.6 
80 183.2 188.6 185.9 190.2 34.5 35.2 34.8 37.7 
81 193.3 176.8 185.1 243.6 37.1 37.2 37.1 38.0 
82 190.7 168.7 179.7 195.6 35.4 36.7 36.1 37.8 
83 169.7 168.6 169.1 195.1 34.9 35.3 35.1 36.6 
84 178.6 169.6 174.1 179.7 35.7 36.7 36.2 37.4 
85 178.7 175.7 177.2 192.2 37.9 37.9 37.9 38.4 
86 192.1 178.1 185.1 178.3 36.5 35.7 36.1 37.6 
87 187.4 180.7 184.0 182.8 36.1 37.0 36.5 38.4 
88 190.6 183.2 186.9 220.4 36.0 36.8 36.4 38.8 
89 176.7 176.2 176.5 180.4 35.9 36.9 36.4 37.9 
90 186.9 181.5 184.2 196.3 34.0 34.6 34.3 36.9 
91 206.8 173.5 190.2 173.9 36.6 37.1 36.8 37.6 
92 199.2 162.1 180.7 175.6 37.0 37.1 37.0 38.1 
93 183.6 187.3 185.4 181.1 36.3 37.8 37.0 37.4 
94 177.2 173.9 175.5 159.1 36.7 37.8 37.2 36.5 
95 187.0 154.5 170.8 187.6 34.9 35.8 35.3 35.6 
96 193.2 165.4 179.3 195.2 37.2 38.8 38.0 37.6 
97 199.0 190.1 194.5 187.4 35.9 36.1 36.0 36.9 
98 170.2 165.8 168.0 177.8 35.1 36.3 35.7 37.5 
99 186.4 182.4 184.4 202.9 35.9 36.9 36.4 37.7 
100 182.0 167.6 174.8 186.7 36.4 37.9 37.1 39.4 
101 213.1 199.6 206.3 224.4 37.1 37.6 37.4 37.6 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:J lines 
Entryt Agronomi:± Burkei:§ x~ F2 Plant# Agronomi:tt Burkei: H x§§ F2 Plan!1~ 
mg seed-I o/i 
102 210.6 221.6 216.1 190.6 37.7 39.3 38.5 35.0 
103 213.3 211.3 212.3 200.3 38.1 39.0 38.5 37.7 
104 214.3 219.6 216.9 226.9 38.7 39.5 39.1 40.7 
105 196.7 198.2 197.4 198.4 36.4 37.6 37.0 37.9 
106 225.9 191.3 208.6 230.0 38.9 38.7 38.8 39.7 
107 203.1 192.8 198.0 222.0 36.9 38.3 37.6 39.3 
108 212.8 214.0 213.4 205.7 37.7 40.1 38.9 39.6 
109 220.8 209.3 215.0 259.1 37.9 40.3 39.1 40.2 
110 214.9 215.0 214.9 228.9 38.0 40.0 39.0 36.6 
111 220.9 207.1 214.0 268.8 38.7 40.5 39.6 39.1 
112 199.3 198.1 198.7 202.5 38.1 38.3 38.2 37.6 
113 229.9 231.9 230.9 243.1 38.6 39.3 39.0 36.9 
114 221.9 209.3 215.6 229.9 38.4 39.2 38.8 38.5 
115 218.0 212.8 215.4 203.7 38.0 39.0 38.5 38.2 
116 222.6 195.1 208.8 211.1 37.3 38.3 37.8 37.9 
117 223.6 217.8 220.7 261.1 38.5 39.7 39.1 39.9 
118 233.0 239.2 236.1 217.2 38.9 39.4 39.1 38.9 
119 219.8 209.8 214.8 237.1 37.6 38.2 37.9 37.6 
120 235.5 188.2 211.8 214.4 38.0 38.0 38.0 38.1 
121 203.0 178.4 190.7 195.1 39.1 40.1 39.6 37.1 
122 238.1 232.5 235.3 236.0 38.5 38.7 38.6 38.2 
123 228.1 212.4 220.3 215.9 38.9 39.6 39.3 39.9 
124 209.2 195.7 202.5 230.9 37.5 39.8 38.6 38.2 
125 218.6 214.5 216.6 206.8 38.6 39.8 39.2 38.4 
126 201.8 213.6 207.7 224.2 38.1 38.0 38.1 39.1 
127 221.7 223.1 222.4 191.9 39.2 40.9 40.0 39.6 
128 217.1 212.1 214.6 189.7 38.2 39.1 38.6 39.7 
129 210.9 216.1 213.5 215.2 38.6 39.0 38.8 38.1 
130 211.2 203.6 207.4 221.2 39.0 39.0 39.0 40.0 
131 216.0 191.5 203.7 196.2 37.8 39.2 38.5 37.5 
132 227.3 221.8 224.5 239.7 37.8 37.2 37.5 38.9 
133 204.3 201.3 202.8 212.0 36.1 38.2 37.1 39.2 
134 215.7 204.4 210.1 205.4 38.9 39.4 39.1 40.0 
135 220.6 210.0 215.3 210.7 37.5 38.3 37.9 39.9 
136 228.3 224.3 226.3 224.1 39.4 40.7 40.0 36.1 
137 203.7 197.5 200.6 234.2 37.1 39.0 38.0 40.1 
138 211.6 205.9 208.7 210.0 37.8 39.8 38.8 39.4 
139 219.2 192.0 205.6 203.9 38.8 38.6 38.7 40.6 
140 205.2 184.0 194.6 205.6 38.4 38.6 38.5 39.8 
141 215.8 209.2 212.5 202.6 39.0 39.5 39.2 38.9 
142 202.4 220.7 211.5 225.4 37.7 39.1 38.4 40.3 
143 220.8 200.9 210.8 233.5 38.3 38.7 38.5 37.6 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F23 lines 
Entryt Agronom~J Burkey§ x F 2 Plant# Agronom~tt Burke~ H x§§ F 2 Planti(i[ 
d-1 -------------------------------%--------------------------------------------------mg see -----------------
144 217.8 208.9 213.3 210.2 37.7 39.3 38.5 40.1 
145 205.5 186.2 195.8 225.1 37.7 40.3 39.0 40.4 
146 226.2 224.4 225.3 221.1 40.5 40.1 40.3 40.l 
147 216.8 215.4 216.1 213.7 37.9 39.3 38.6 41.2 
148 219.9 191.9 205.9 189.0 37.1 39.5 38.3 38.4 
149 194.3 165.0 179.7 164.0 37.8 38.9 38.4 37.7 
150 222.7 225.0 223.9 216.8 38.1 40.4 39.2 40.5 
151 205.1 189.9 197.5 197.0 38.4 38.8 38.6 38.7 
152 221.9 210.8 216.3 210.5 37.4 38.1 37.7 38.7 
153 210.4 221.2 215.8 211.0 38.1 39.2 38.6 38.3 
154 204.7 169.6 187.1 175.7 39.1 39.9 39.5 36.9 
155 225.3 217.6 221.4 191.8 38.0 39.7 38.8 37.2 
156 206.1 215.2 210.6 215.4 37.9 40.0 38.9 37.6 
157 202.2 184.2 193.2 192.2 37.9 38.0 37.9 37.8 
158 219.1 217.5 218.3 214.9 36.7 37.6 37.1 38.4 
159 193.0 191.1 192.1 181.3 36.5 38.7 37.6 38.1 
160 202.6 203.1 202.9 173.2 38.9 40.0 39.4 38.8 
161 210.1 209.2 209.6 199.7 37.4 39.0 38.2 37.9 
162 203.0 209.0 206.0 229.3 37.9 38.4 38.1 39.8 
163 237.5 217.5 227.5 240.2 38.3 39.4 38.9 37.7 
164 223.3 205.9 214.6 210.0 37.7 39.0 38.3 38.0 
165 199.2 211.4 205.3 223.0 38.6 38.9 38.8 38.2 
166 212.2 212.8 212.5 220.6 38.2 38.2 38.2 39.4 
167 218.9 204.9 211.9 197.9 37.6 40.1 38.9 38.2 
168 209.9 184.9 197.4 201.0 37.3 37.6 37.5 39.2 
169 200.5 203.0 201.8 210.3 37.8 38.3 38.1 38.9 
170 236.5 227.3 231.9 274.7 38.6 39.6 39.1 40.7 
171 208.7 192.2 200.4 229.0 36.9 37.7 37.3 38.0 
172 220.5 230.9 225.7 230.6 37.7 39.1 38.4 37.8 
173 221.1 202.5 211.8 228.9 39.0 39.7 39.3 39.3 
174 224.5 224.5 224.5 211.8 38.4 38.4 38.4 39.4 
175 216.6 223.3 220.0 233.6 37.9 39.l 38.5 39.0 
176 229.0 220.7 224.9 232.7 38.3 40.3 39.3 39.5 
177 206.5 197.5 202.0 194.5 37.2 38.8 38.0 37.7 
178 224.9 226.0 225.4 237.4 38.8 40.l 39.4 38.4 
179 207.2 206.8 207.0 217.4 38.3 40.1 39.2 38.7 
180 207.6 207.9 207.8 222.3 37.3 39.0 38.1 36.9 
181 195.3 189.6 192.4 195.9 36.9 39.2 38.0 36.9 
182 217.8 202.6 210.2 214.2 39.3 38.1 38.7 37.1 
183 212.9 194.6 203.8 202.6 37.8 38.2 38.0 38.2 
184 218.6 211.0 214.8 231.1 38.7 39.3 39.0 40.2 
185 220.9 208.0 214.4 237.4 38.2 38.3 38.2 38.3 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F2,3 lines F2:3 lines 
Entryt Agronom>::t Burkey§ x:, F2 Plant# Agronom>::tt Burke>::H x§§ F2Plan~, 
mg seed"1 --------o/c 
186 200.4 182.6 191.5 242.0 38.4 39.6 39.0 41.2 
187 204.7 180.5 192.6 193.3 38.0 39.2 38.6 39.1 
188 214.6 190.8 202.7 206.4 39.7 39.1 39.4 40.3 
189 204.1 207.8 206.0 197.5 38.9 39.4 39.1 40.6 
190 227.9 202.1 215.0 229.5 38.3 39.0 38.6 39.3 
191 214.4 207.1 210.8 192.4 38.2 38.7 38.4 38.2 
192 210.7 200.8 205.8 218.0 38.2 38.6 38.4 38.6 
193 226.7 216.1 221.4 228.6 38.2 39.5 38.8 38.2 
194 213.0 196.2 204.6 203.8 37.9 39.1 38.5 39.5 
195 215.2 210.7 212.9 227.1 38.4 38.9 38.6 36.5 
196 229.8 208.1 218.9 246.5 39.0 40.5 39.7 38.3 
197 237.1 223.9 230.5 227.8 39.3 40.3 39.8 38.5 
198 217.7 218.8 218.3 225.3 38.0 39.4 38.7 40.1 
199 225.4 206.4 215.9 233.2 37.9 39.5 38.7 38.8 
200 231.5 221.3 226.4 220.3 38.6 39.1 38.8 38.8 
201 188.4 178.9 183.7 185.4 36.0 37.9 36.9 39.2 
202 190.3 185.8 188.0 168.6 37.9 38.8 38.3 38.0 
203 203.8 180.9 192.4 173.7 38.0 38.9 38.5 37.3 
204 194.4 178.9 186.6 185.7 35.6 36.3 35.9 37.5 
205 226.9 217.8 222.4 201.8 36.7 37.1 36.9 36.3 
206 236.8 231.6 234.2 180.2 37.9 38.3 38.1 38.6 
207 194.0 191.7 192.9 166.6 36.3 37.9 37.1 38.4 
208 203.7 173.7 188.7 186.9 38.1 39.2 38.6 39.1 
209 195.l 196.7 195.9 200.7 36.1 36.6 36.4 38.3 
210 211.0 202.7 206.8 205.4 36.7 37.9 37.3 39.1 
211 188.8 177.3 183.0 170.1 36.4 37.l 36.8 35.8 
212 193.8 189.1 191.4 168.6 35.7 36.3 36.0 37.0 
213 189.2 189.6 189.4 197.4 38.4 38.6 38.5 36.2 
214 195.5 189.4 192.4 203.7 37.2 38.8 38.0 38.7 
215 199.9 192.8 196.4 185.1 37.7 37.7 37.7 38.6 
216 187.3 176.6 182.0 176.3 36.6 38.2 37.4 37.3 
217 196.6 186.1 191.3 177.8 38.0 38.3 38.1 38.1 
218 196.4 189.8 193.1 187.0 37.7 38.1 37.9 39.2 
219 193.5 190.9 192.2 206.2 38.3 38.2 38.3 36.7 
220 187.0 169.9 178.4 190.5 36.9 37.7 37.3 38.4 
221 211.6 202.1 206.8 169.0 37.7 38.8 38.2 39.5 
222 200.3 200.1 200.2 211.9 36.8 37.5 37.1 36.1 
223 206.4 198.6 202.5 193.0 36.1 36.5 36.3 37.1 
224 214.9 201.3 208.1 183.0 37.0 37.5 37.3 36.7 
225 204.6 198.2 201.4 207.1 36.6 38.4 37.5 36.0 
226 179.2 169.5 174.3 149.0 36.1 38.3 37.2 37.2 
227 187.4 181.1 184.2 196.9 36.7 38.8 37.7 38.2 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronoml'.t Burkel'.§ Xi F2 Plant# Agronoml'.tt Burkel'.H x§§ F2 Plan~,r 
mg seed·' o/i 
228 189.1 186.5 187.8 181.7 37.8 38.7 38.2 39.6 
229 186.2 166.0 176.1 191.9 35.9 36.4 36.1 38.2 
230 182.3 181.8 182.1 171.2 35.3 36.3 35.8 38.7 
231 209.8 186.1 197.9 208.9 36.7 37.1 36.9 36.2 
232 182.9 179.4 181.1 160.0 35.2 36.3 35.8 38.5 
233 189.6 182.3 185.9 200.3 36.6 38.2 37.4 37.5 
234 205.6 193.2 199.4 204.8 36.7 37.l 36.9 38.9 
235 245.5 200.0 222.7 206.2 38.1 39.2 38.6 39.3 
236 203.9 175.5 189.7 209.3 37.8 38.8 38.3 38.8 
237 195.6 182.8 189.2 196.3 37.4 38.8 38.1 38.6 
238 209.7 210.l 209.9 200.1 36.7 37.9 37.3 38.8 
239 194.6 192.5 193.6 182.8 37.6 39.0 38.3 40.8 
240 209.2 207.7 208.5 173.3 38.5 40.2 39.4 38.2 
241 194.5 192.4 193.4 173.0 37.7 38.2 37.9 36.6 
242 217.2 206.5 211.8 224.5 39.0 39.3 39.1 36.9 
243 210.0 203.4 206.7 207.8 38.2 39.3 38.7 39.3 
244 201.5 205.7 203.6 206.6 37.6 38.3 38.0 38.3 
245 189.0 158.5 173.7 196.7 36.8 36.9 36.8 38.7 
246 191.7 192.3 192.0 204.8 37.9 37.7 37.8 38.3 
247 177.3 161.1 169.2 158.6 36.8 38.1 37.4 38.2 
248 182.2 165.8 174.0 191.9 36.1 36.6 36.3 36.4 
249 187.7 183.8 185.8 190.8 37.0 38.8 37.9 39.5 
250 201.4 189.2 195.3 192.4 37.0 38.5 37.8 38.7 
251 210.0 176.3 193.2 173.6 38.2 37.4 37.8 37.3 
252 202.9 195.2 199.0 221.0 38.4 39.7 39.0 38.5 
253 207.8 186.8 197.3 224.3 37.3 36.9 37.1 38.3 
254 200.2 179.6 189.9 193.6 37.6 38.1 37.8 38.7 
255 185.6 171.8 178.7 172.2 36.8 38.2 37.5 38.7 
256 217.9 212.4 215.2 221.7 36.6 38.3 37.4 37.9 
257 190.2 188.4 189.3 205.5 37.7 37.5 37.6 36.4 
258 214.2 208.0 211.1 190.8 36.7 36.8 36.7 36.1 
259 225.7 223.0 224.4 200.4 37.7 37.9 37.8 38.9 
260 211.7 208.0 209.9 195.2 38.4 38.5 38.4 38.2 
261 189.8 172.7 181.2 191.5 36.3 35.6 35.9 37.4 
262 202.1 178.9 190.5 230.9 36.5 36.8 36.7 37.3 
263 195.0 169.3 182.1 189.5 36.8 37.6 37.2 39.1 
264 212.8 203.3 208.1 190.7 37.8 39.1 38.4 36.0 
265 185.1 170.3 177.7 161.5 35.9 37.1 36.5 37.6 
266 176.9 164.2 170.6 171.6 35.6 36.9 36.2 35.8 
267 175.5 165.3 170.4 168.7 36.2 36.0 36.l 38.7 
268 168.l 146.8 157.4 171.5 35.1 36.0 35.5 37.0 
269 196.3 181.7 189.0 194.8 36.7 38.6 37.6 38.2 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~± Burke~§ x,r F2 Plant# Agronom~tt Burke~±± x§§ F2 Plan!1,r 
mg seed-1 % 
270 206.7 192.0 199.4 195.5 36.6 37.4 37.0 38.6 
271 195.5 182.4 188.9 177.6 37.2 38.5 37.8 37.6 
272 206.9 167.3 187.l 202.l 36.6 37.6 37.l 36.6 
273 202.l 194.9 198.5 190.7 36.3 36.7 36.5 39.8 
274 183.3 190.8 187.0 189.2 36.4 36.7 36.5 38.7 
275 208.7 198.1 203.4 201.8 36.4 37.5 37.0 37.3 
276 193.2 194.l 193.6 203.6 37.3 38.3 37.8 37.6 
277 206.l 178.5 192.3 226.9 37.4 38.2 37.8 39.5 
278 190.8 181.9 186.3 197.2 36.0 37.4 36.7 38.8 
279 206.1 192.4 199.3 204.5 36.3 37.3 36.8 37.7 
280 183.5 170.4 176.9 182.4 36.4 36.6 36.5 36.7 
281 208.2 210.4 209.3 186.l 36.5 37.6 37.0 37.2 
282 200.5 195.6 198.0 207.6 35.6 36.0 35.8 37.2 
283 199.8 188.6 194.2 184.2 35.3 36.5 35.9 37.2 
284 186.0 177.4 181.7 176.8 35.9 36.4 36.2 35.9 
285 208.5 204.9 206.7 221.0 35.6 37.l 36.3 38.4 
286 188.9 173.4 181.2 184.4 36.9 38.2 37.5 37.3 
287 207.2 199.8 203.5 207.7 37.2 37.5 37.3 39.2 
288 207.0 191.9 199.5 238.4 36.4 37.5 36.9 39.2 
289 205.9 190.0 198.0 165.8 35.3 37.2 36.2 35.5 
290 210.5 197.l 203.8 194.8 36.1 37.4 36.7 37.9 
291 214.9 202.7 208.8 168.7 37.9 38.6 38.2 38.1 
292 199.0 178.9 188.9 217.5 36.9 37.9 37.4 38.l 
293 188.0 197.l 192.5 233.8 36.4 38.6 37.5 37.l 
294 201.6 201.7 201.7 212.7 37.4 37.5 37.4 37.5 
295 214.7 215.9 215.3 212.1 37.8 39.8 38.8 38.3 
296 217.3 211.3 214.3 199.7 36.2 36.8 36.5 37.2 
297 199.4 188.8 194.l 203.2 36.0 37.4 36.7 37.7 
298 196.9 185.7 191.3 211.6 37.l 37.6 37.3 39.5 
299 220.l 192.6 206.3 202.5 38.7 39.9 39.3 40.2 
300 208.3 199.3 203.8 225.2 36.2 37.0 36.6 39.9 
301 231.5 229.3 230.4 196.5 39.3 40.5 39.9 40.0 
302 223.8 207.9 215.8 237.5 39.3 39.4 39.3 40.7 
303 230.l 220.7 225.4 205.2 39.7 39.7 39.7 40.9 
304 239.0 238.l 238.5 203.5 39.7 40.2 40.0 39.7 
305 218.5 225.5 222.0 216.9 39.0 39.3 39.1 39.7 
306 235.7 203.7 219.7 217.6 38.6 40.2 39.4 39.9 
307 215.7 203.l 209.4 190.9 38.2 39.2 38.7 37.4 
308 224.8 215.7 220.2 205.9 37.9 39.4 38.6 38.1 
309 237.4 212.4 224.9 223.2 39.7 40.4 40.0 40.3 
310 233.0 217.9 225.4 221.5 39.1 39.7 39.4 41.5 
311 214.5 212.2 213.3 167.7 37.5 38.7 38.l 38.2 
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Table Al. (Continued). 
Trait 
Seed Size Protein 
F2:J lines F2:J lines 
Entryt Agronom~t Burkey§ x~ F 2 Plant# Agronomytt Burke~++ x§§ F2 Plan~~ 
d-t -------------------------------%-----------------------------mg see -----
312 202.7 182.9 192.8 169.3 36.7 38.1 37.4 37.3 
313 203.9 181.4 192.7 171.1 38.0 38.9 38.5 39.0 
314 205.3 187.7 196.5 177.6 37.5 38.3 37.9 37.7 
315 216.1 207.4 211.7 188.9 37.2 38.6 37.9 37.9 
316 207.0 188.9 197.9 189.9 36.9 37.5 37.2 36.5 
317 214.4 193.2 203.8 195.8 37.2 38.1 37.6 37.4 
318 207.7 199.8 203.8 205.2 38.3 37.9 38.1 36.1 
319 213.4 166.4 189.9 225.8 37.7 39.2 38.5 37.9 
320 206.3 209.4 207.8 233.2 37.3 38.5 37.9 37.2 
321 154.7 142.0 148.4 131.2 34.7 35.6 35.2 36.8 
322 165.7 141.4 153.5 132.4 34.4 35.9 35.1 33.9 
323 144.3 138.9 141.6 143.0 32.1 34.1 33.1 35.9 
324 173.3 166.1 169.7 143.4 35.6 36.2 35.9 38.0 
325 155.8 148.0 151.9 147.2 34.0 36.1 35.1 33.4 
326 165.3 145.7 155.5 149.9 33.6 34.4 34.0 36.7 
327 143.9 122.5 133.2 152.6 33.1 34.4 33.7 35.0 
328 155.8 141.9 148.9 153.3 32.5 34.5 33.5 37.6 
329 151.1 146.5 148.8 159.5 34.1 35.2 34.6 36.4 
330 168.0 146.3 157.1 162.0 35.1 36.0 35.6 36.4 
x 201.0 190.1 195.5 198.2 37.0 37.9 37.4 38.0 
SE## 5.4 9.1 5.5 0.4 0.4 0.4 
LSDttt 
0.05 15.1 25.2 15.2 1.1 1.3 1.0 
LSD 
0.01 19.9 33.3 20.1 1.4 1.6 1.3 
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Table A2. Seed size and protein content of individual F2 plants and parents, and ofF23 lines and parents at 
individual locations and combined across locations for Set 2. 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entrlt Agronomtt Burkel§ x F2 Plant# Agronomytt Burkey tt x§§ F2 Plantif1 
d-1 -------------------------mg see - -------------------------------%-------------------------
1 187.9 175.5 181.7 168.2 37.0 36.9 37.0 37.1 
2 183.4 170.5 176.9 163.3 38.2 38.9 38.5 37.3 
3 179.6 167.3 173.4 169.2 37.1 38.4 37.7 38.8 
4 185.6 181.4 183.5 190.1 36.1 37.6 36.9 36.7 
5 170.2 172.1 171.2 175.8 34.5 35.6 35.1 34.7 
6 181.5 186.3 183.9 178.5 35.7 35.3 35.5 37.3 
7 203.6 214.0 208.8 152.3 38.3 38.3 38.3 35.6 
8 190.1 186.4 188.2 182.7 35.5 37.1 36.3 35.9 
9 187.1 184.2 185.6 158.2 37.0 37.8 37.4 38.0 
10 190.5 173.6 182.0 167.2 36.9 36.1 36.5 35.7 
11 176.8 166.0 171.4 142.2 35.7 36.1 35.9 35.4 
12 193.9 182.2 188.1 165.4 37.2 36.9 37.0 36.9 
13 194.6 190.6 192.6 141.9 36.3 36.4 36.3 36.3 
14 179.4 181.9 180.6 183.5 35.3 36.2 35.8 36.2 
15 186.2 181.5 183.8 154.4 36.9 36.9 36.9 37.5 
16 172.8 171.5 172.1 173.9 34.3 35.2 34.7 35.3 
17 180.6 173.6 177.1 154.6 36.0 36.3 36.1 36.0 
t Entry numbers were preceded by 829. For example, entry I was 829001. Entries I to 100 were from 
population 21, 101 to 200 were from Population 22,201 to 300 were from Population 23,301 to 310 were 
A97-774065, 311 to 320 were A97-974005, and 321-330 were IA2050. 
t Mean seed size ofF2:3 lines across two replications at the Agronomy Farm in 2000. 
§ Mean seed size ofF2:3 lines across two replications at the Burkey Farm in 2000. 
1 Mean seed size ofF2:3 lines across the two locations in Iowa in 2000. 
# Seed size of an individual F2 or parent plant grown in 1999. 
tt Mean protein content ofF2:3 lines across two replications at the Agronomy Farm in 2000. 
U Mean protein content ofF2:3 lines across two replications at the Burkey Farm in 2000. 
§§ Mean seed size ofF2:3 lines across the two locations in Iowa in 2000. 
11 Protein content ofan individual F2 or parent plant grown in 1999. 
## Standard error of the mean based on the error mean square. 
ttt Least significant difference at the 0.05 and 0.01 probability levels based on the error mean square. 
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Table A2. (Continued). 
Trait 
Seed Size Protein 
F2,3 lines F2:3 lines 
Entr~t Agronomyt Burke~§ x,r F2 Plant# Agronom~tt Burke~H x§§ F 2 Plant,r,r 
d"I ------------%--------------------------mg see -----------------
18 193.3 194.9 194.1 169.9 35.2 36.5 35.8 35.8 
19 190.5 175.3 182.9 170.0 37.4 38.4 37.9 37.4 
20 209.7 196.6 203.2 162.3 37.9 37.9 37.9 35.7 
21 174.6 161.4 168.0 172.3 36.5 36.6 36.5 37.6 
22 183.5 175.2 179.4 166.2 37.8 37.8 37.8 38.4 
23 188.9 191.5 190.2 161.5 36.9 38.2 37.5 38.4 
24 186.1 183.3 184.7 191.0 37.5 37.8 37.6 39.1 
25 175.3 167.7 171.5 169.8 35.7 35.8 35.7 36.5 
26 201.8 197.4 199.6 203.7 36.5 37.l 36.8 36.3 
27 204.0 180.9 192.4 181.6 37.2 37.5 37.3 36.7 
28 224.5 218.6 221.6 195.4 37.9 38.1 38.0 38.0 
29 187.4 187.4 187.4 172.3 35.6 37.8 36.7 35.4 
30 182.2 168.0 175.1 167.4 36.1 37.0 36.5 36.8 
31 194.8 182.7 188.8 176.4 35.9 36.7 36.3 37.4 
32 167.6 164.8 166.2 171.5 34.5 36.2 35.3 36.1 
33 181.3 185.7 183.5 174.1 37.0 38.1 37.5 38.3 
34 174.8 160.4 167.6 161.1 36.7 36.3 36.5 37.0 
35 207.4 182.3 194.8 186.3 37.4 36.1 36.7 38.2 
36 183.8 195.1 189.5 168.0 38.8 39.6 39.2 38.0 
37 163.4 165.3 164.3 155.7 34.7 36.1 35.4 37.0 
38 199.5 183.9 191.7 204.3 35.2 36.5 35.8 37.5 
39 168.9 177.9 173.4 164.0 34.9 35.7 35.3 36.1 
40 196.2 178.3 187.3 184.2 36.9 35.7 36.3 36.7 
41 200.1 180.1 190.1 199.9 35.6 37.3 36.4 37.4 
42 193.7 195.6 194.6 173.0 37.3 38.7 38.0 37.7 
43 189.0 188.4 188.7 155.2 35.7 37.5 36.6 36.0 
44 192.9 184.7 188.8 185.1 36.1 36.2 36.1 37.8 
45 186.0 172.1 179.0 177.0 36.3 36.7 36.5 38.4 
46 167.5 160.6 164. l 178.4 35.4 35.6 35.5 39.0 
47 174.9 178.2 176.6 206.5 35.3 36.8 36.0 36.1 
48 189.8 175.7 182.8 163.6 36.6 37.2 36.9 36.3 
49 182.2 166.3 174.3 160.9 34.6 34.9 34.7 34.4 
50 195.1 188.6 191.9 182.7 36.8 37.2 37.0 37.8 
51 174.3 156.0 165.1 172.9 37.5 37.7 37.6 36.9 
52 194.6 179.9 187.3 179.3 38.0 38.6 38.3 39.9 
53 200.4 185.8 193.1 200.1 37.7 38.1 37.9 38.9 
54 169.5 159.9 164.7 152.2 36.5 35.9 36.2 36.9 
55 192.5 188.6 190.5 195. l 37.9 38.2 38.0 37.9 
56 231.5 193.l 212.3 181.9 37.5 37.8 37.6 36.3 
57 174.6 155.9 165.3 178.l 35.3 35.5 35.4 38.0 
58 181.9 176.7 179.3 167.5 34.5 35.7 35. l 35.6 
59 188.8 174.3 181.6 171.6 37.0 37.3 37.2 36.4 
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Table A2. (Continued). 
Trait 
Seed Size Protein 
F2,3 lines F2:3 lines 
Entryt Agronoml'.t Burkel'.§ x~ F2 Plant# Agronoml'.tt Burkel'.±± x§§ F2 Plani,[,r 
mg seed-1 '¾ 
60 184.5 177.7 181.1 157.1 36.3 35.9 36.1 36.3 
61 183.5 189.0 186.2 197.6 35.4 37.6 36.5 36.5 
62 200.4 197.6 199.0 177.5 37.2 37.6 37.4 38.2 
63 189.0 181.8 185.4 154.0 35.6 36.7 36.1 35.3 
64 195.1 194.9 195.0 184.7 38.1 38.1 38.1 38.1 
65 183.3 203.8 193.6 204.6 35.9 36.8 36.3 37.1 
66 202.6 188.7 195.7 187.9 37.3 39.0 38.1 37.3 
67 185.0 184.8 184.9 169.9 36.1 36.3 36.2 36.2 
68 178.4 186.4 182.4 162.8 36.0 37.3 36.7 35.7 
69 170.1 147.9 159.0 170.6 35.1 35.4 35.2 36.5 
70 166.9 148.8 157.9 154.1 34.0 35.0 34.5 35.4 
71 177.4 174.0 175.7 159.6 36.2 37.3 36.7 36.3 
72 197.4 190.7 194.0 157.1 35.8 38.2 37.0 35.9 
73 181.0 166.4 173.7 174.5 35.8 38.2 37.0 35.4 
74 170.2 175.5 172.8 145.6 36.8 37.5 37.1 35.2 
75 187.3 183.0 185.1 168.1 36.6 35.5 36.0 36.4 
76 198.4 187.1 192.7 178.9 36.2 37.5 36.8 37.2 
77 174.7 201.2 188.0 165.7 35.9 37.7 36.8 36.9 
78 184.8 174.9 179.8 161.4 36.6 35.9 36.2 35.7 
79 191.9 184.5 188.2 178.2 35.8 35.6 35.7 37.3 
80 217.5 205.2 211.3 201.6 37.3 37.8 37.5 38.2 
81 179.0 168.9 174.0 190.8 35.5 36.6 36.0 38.2 
82 185.5 172.6 179.1 156.9 36.1 36.8 36.5 36.6 
83 198.1 198.1 198.1 169.8 37.0 37.9 37.5 37.7 
84 183.6 162.0 172.8 169.2 36.0 37.1 36.6 36.7 
85 192.8 181.5 187.1 174.1 37.0 37.7 37.3 37.8 
86 180.7 184.4 182.5 183.0 35.4 37.2 36.3 36.6 
87 185.5 178.8 182.1 167.3 36.5 36.8 36.6 36.1 
88 200.1 186.2 193.2 174.5 36.2 37.1 36.7 36.8 
89 184.1 181.1 182.6 157.5 39.3 39.0 39.1 37.8 
90 187.7 177.9 182.8 161.4 36.4 36.2 36.3 35.4 
91 193.7 188.8 191.3 162.9 37.0 37.3 37.1 37.5 
92 196.3 182.2 189.2 188.8 35.4 36.2 35.8 35.7 
93 184.0 159.1 171.5 176.0 36.1 37.6 36.9 36.3 
94 178.6 181.4 180.0 172.7 35.7 36.4 36.1 36.1 
95 183.4 167.9 175.6 185.1 36.9 37.2 37.1 36.8 
96 199.5 181.5 190.5 166.5 36.2 36.6 36.4 37.3 
97 204.7 184.6 194.7 177.1 37.9 39.0 38.4 39.4 
98 179.1 168.6 173.9 168.8 36.8 38.5 37.6 38.0 
99 193.6 185.9 189.7 194.5 36.2 36.4 36.3 37.3 
100 181.9 169.8 175.8 161.4 35.4 37.9 36.6 35.3 
101 210.8 193.2 202.0 187.5 36.9 37.6 37.3 38.1 
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Table A2. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronomy! Burke~§ x~ F2 Plant# Agronomytt BurkeyH x§§ F2 Planti(~ 
ct·] -------------------------------%---------------------------mg see -----
102 229.6 198.2 213.9 194.9 38.2 38.3 38.2 39.4 
103 216.8 213.2 215.0 193.7 37.5 38.2 37.8 36.4 
104 225.6 204.4 215.0 224.9 38.0 37.8 37.9 38.2 
105 225.6 220.7 223.1 220.7 37.2 37.8 37.5 37.0 
106 208.2 179.2 193.7 198.7 36.9 38.3 37.6 38.2 
107 220.6 218.1 219.4 207.6 37.3 37.9 37.6 37.6 
108 225.6 216.2 220.9 220.5 37.8 39.6 38.7 37.3 
109 221.7 218.4 220.0 208.8 36.2 37.9 37.0 37.0 
110 205.4 198.7 202.0 222.6 37.1 38.1 37.6 37.6 
111 227.1 184.2 205.6 190.3 36.9 37.7 37.3 37.8 
112 220.5 203.9 212.2 242.8 38.0 39.0 38.5 38.1 
113 212.3 196.5 204.4 178.6 37.0 37.1 37.0 37.3 
114 228.1 222.1 225.1 210.6 36.9 36.8 36.8 37.2 
115 231.8 228.8 230.3 210.1 38.8 39.6 39.2 37.9 
116 210.5 217.7 214.1 222.0 38.0 38.8 38.4 39.5 
117 220.1 203.8 212.0 204.7 37.8 37.9 37.8 39.8 
118 214.1 199.8 206.9 204.6 37.6 39.0 38.3 39.0 
119 204.8 207.0 205.9 198.8 36.7 37.6 37.1 37.5 
120 213.9 207.2 210.5 191.7 37.4 38.2 37.8 37.5 
121 215.4 213.7 214.6 206.7 37.4 37.7 37.5 37.2 
122 224.6 215.9 220.3 227.3 37.9 38.4 38.2 39.0 
123 231.6 234.4 233.0 227.9 37.0 37.6 37.3 37.6 
124 216.5 201.6 209.0 181.7 37.2 37.4 37.3 39.0 
125 206.4 199.8 203.1 189.8 37.2 39.1 38.1 37.4 
126 208.6 206.5 207.6 202.1 37.6 39.5 38.5 38.0 
127 225.7 203.4 214.6 224.2 38.0 38.5 38.2 38.2 
128 222.9 204.5 213.7 223.1 36.9 37.9 37.4 38.1 
129 201.0 196.2 198.6 167.4 37.3 37.7 37.5 37.7 
130 207.5 213.4 210.5 225.7 36.5 37.4 36.9 38.2 
131 213.1 203.9 208.5 226.0 36.5 37.4 36.9 38.1 
132 204.9 194.7 199.8 211.7 36.4 38.0 37.2 38.1 
133 223.5 224.2 223.8 204.3 37.9 39.0 38.5 35.8 
134 205.7 215.2 210.5 202.6 36.5 37.5 37.0 38.2 
135 195.2 185.6 190.4 198.1 38.1 37.5 37.8 35.8 
136 211.3 206.3 208.8 191.2 37.8 38.6 38.2 36.2 
137 224.5 200.1 212.3 191.9 38.1 38.9 38.5 39.3 
138 214.2 216.7 215.4 205.0 36.5 37.9 37.2 36.7 
139 208.5 203.3 205.9 187.2 37.3 37.3 37.3 38.6 
140 211.3 211.7 211.5 191.5 38.4 38.0 38.2 39.8 
141 217.9 187.7 202.8 188.7 37.9 38.2 38.1 38.5 
142 209.2 207.5 208.4 195.9 37.2 37.4 37.3 37.2 
143 222.7 215.0 218.8 222.4 38.5 38.7 38.6 38.1 
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Table A2. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~± Burkey§ X F 2 Plant# Agronom~tt Burke~ it x§§ F2 Plan~~ 
d-t -------------------------------%--------------------------------------------------mg see -----------------
144 220.2 203.1 211.7 167.1 38.0 38.7 38.3 36.2 
145 219.4 213.8 216.6 211.0 38.6 39.2 38.9 39.1 
146 220.7 206.5 213.6 252.7 38.2 36.9 37.6 39.6 
147 223.9 213.8 218.9 193.8 38.6 39.4 39.0 38.4 
148 213.2 207.9 210.5 188.7 37.1 38.9 38.0 37.7 
149 211.4 211.4 211.4 211.7 37.0 37.7 37.3 38.5 
150 214.0 216.5 215.3 259.0 36.2 38.1 37.1 38.7 
151 227.3 212.6 219.9 188.0 38.2 38.4 38.3 37.5 
152 220.0 207.4 213.7 220.0 38.6 38.5 38.5 37.8 
153 209.4 205.9 207.6 187.9 37.4 36.9 37.2 37.3 
154 230.1 224.9 227.5 207.3 38.7 39.0 38.8 37.6 
155 201.5 205.0 203.3 193.5 36.2 38.3 37.3 37.8 
156 222.6 207.9 215.3 232.6 37.1 38.0 37.5 36.6 
157 208.6 200.6 204.6 230.8 37.0 36.9 36.9 36.9 
158 223.1 189.5 206.3 235.6 36.9 36.9 36.9 39.4 
159 223.1 212.9 218.0 219.8 37.2 38.4 37.8 39.5 
160 220.9 210.6 215.7 206.3 37.4 39.1 38.3 38.8 
161 230.4 209.3 219.8 193.5 38.3 39.3 38.8 39.1 
162 226.8 184.3 205.5 209.7 37.8 38.4 38.1 36.6 
163 222.6 201.3 211.9 181.7 37.7 38.1 37.9 38.1 
164 210.2 204.0 207.1 227.8 37.1 37.9 37.5 38.7 
165 211.6 207.7 209.6 216.6 36.8 37.6 37.2 37.4 
166 215.6 212.7 214.1 230.8 36.5 36.5 36.5 36.0 
167 212.5 186.3 199.4 203.3 38.3 40.2 39.2 37.0 
168 231.4 222.4 226.9 223.4 37.7 38.3 38.0 38.8 
169 222.3 207.6 215.0 258.5 36.7 37.1 36.9 37.6 
170 215.7 210.9 213.3 215.1 37.0 38.8 37.9 38.2 
171 211.1 210.1 210.6 223.8 36.3 37.5 36.9 37.5 
172 218.3 202.1 210.2 193.0 38.0 37.6 37.8 37.1 
173 211.1 191.0 201.0 215.0 37.0 37.4 37.2 37.7 
174 219.8 214.0 216.9 224.8 38.4 38.1 38.2 38.9 
175 212.8 206.2 209.5 182.3 36.8 38.0 37.4 37.6 
176 209.8 211.9 210.9 199.9 37.1 38.0 37.5 38.7 
177 225.9 207.9 216.9 223.3 37.2 39.l 38.2 38.9 
178 227.0 201.9 214.4 210.4 37.3 37.6 37.4 38.8 
179 202.0 196.5 199.2 206.9 37.1 37.0 37.0 38.0 
180 215.5 206.8 211.1 235.9 37.2 37.4 37.3 37.6 
181 224.l 207.6 215.9 243.3 36.8 39.0 37.9 38.6 
182 206.9 193.4 200.l 184.8 36.6 38.l 37.3 37.3 
183 213.7 215.5 214.6 184.0 37.0 37.9 37.5 39.0 
184 214.1 203.5 208.8 181.8 38.1 36.8 37.4 36.5 
185 217.9 209.2 213.6 203.1 37.1 37.3 37.2 38.4 
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Table A2. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F23 lines 
Entryt Agronom~! Burkey§ x~ F2 Plant# Agronom~tt Burke~H x§§ F2 Plan~~ 
d-1 ----------------%----------------------------------mg see ----
186 212.3 207.8 210.1 214.8 37.4 38.5 38.0 36.0 
187 210.0 198.7 204.4 208.4 36.7 37.4 37.0 38.5 
188 217.1 204.3 210.7 245.5 37.7 38.1 37.9 37.3 
189 232.5 215.8 224.1 202.1 38.3 37.5 37.9 37.2 
190 228.0 218.9 223.4 218.1 37.2 38.4 37.8 39.7 
191 216.1 207.9 212.0 195.7 36.6 37.2 36.9 39.2 
192 216.8 212.6 214.7 191.0 38.8 37.6 38.2 37.9 
193 216.9 202.6 209.7 209.9 38.0 38.1 38.0 37.5 
194 218.5 207.5 213.0 210.4 37.6 38.3 37.9 37.0 
195 205.6 199.1 202.3 188.3 37.0 38.6 37.8 35.5 
196 204.4 200.3 202.4 183.0 36.7 37.9 37.3 38.5 
197 218.0 212.6 215.3 229.7 37.6 37.9 37.8 35.8 
198 239.9 234.7 237.3 227.9 38.4 38.5 38.4 37.8 
199 212.0 216.0 214.0 217.4 35.9 36.6 36.3 37.4 
200 227.6 216.0 221.8 229.3 37.4 39.6 38.5 37.6 
201 195.7 186.2 190.9 201.1 37.7 39.3 38.5 39.6 
202 221.2 200.9 211.1 196.6 36.8 36.9 36.8 36.9 
203 199.3 197.0 198.2 214.6 37.6 36.7 37.1 38.2 
204 220.9 229.5 225.2 211.3 37.1 37.9 37.5 37.5 
205 214.3 203.0 208.6 212.2 38.0 37.2 37.6 37.7 
206 211.9 211.1 211.5 203.3 37.7 39.0 38.3 40.1 
207 223.8 217.5 220.6 247.1 37.4 38.7 38.0 40.2 
208 235.7 238.1 236.9 219.1 37.1 37.6 37.3 38.9 
209 218.5 215.9 217.2 191.2 36.3 37.2 36.7 37.3 
210 224.5 212.9 218.7 196.8 36.5 37.5 37.0 37.4 
211 229.1 215.5 222.3 211.6 35.9 37.3 36.6 36.0 
212 214.1 212.6 213.3 175.4 36.4 36.1 36.2 36.3 
213 210.2 188.9 199.5 207.2 37.6 37.5 37.6 37.5 
214 201.4 200.1 200.8 197.3 38.0 38.0 38.0 39.1 
215 190.2 195.3 192.8 172.5 37.8 37.8 37.8 37.6 
216 218.1 216.8 217.4 227.0 37.2 38.0 37.6 36.4 
217 227.8 215.6 221.7 198.5 37.6 37.7 37.7 38.4 
218 223.8 196.4 210.1 199.2 38.9 40.4 39.6 39.5 
219 213.9 207.1 210.5 187.6 37.3 36.8 37.1 37.5 
220 216.7 196.5 206.6 174.7 38.9 39.6 39.2 37.7 
221 211.4 188.0 199.7 169.6 34.9 36.7 35.8 36.9 
222 196.7 189.2 193.0 185.1 35.4 36.0 35.7 35.9 
223 199.4 181.8 190.6 187.1 36.0 37.3 36.6 37.5 
224 223.0 185.4 204.2 204.3 36.3 36.2 36.2 37.3 
225 196.3 181.8 189.1 188.7 35.4 36.1 35.7 37.6 
226 177.1 168.9 173.0 169.3 34.9 35.5 35.2 36.7 
227 197.2 195.7 196.5 180.8 35.7 38.1 36.9 37.7 
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Table A2. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom}'.± Burke}'.§ xi F 2 Plant# Agronom}'.tt Burke}'.±± x§§ F 2 Plan~,r 
mg seed"1 ------'¾ 
228 186.0 171.7 178.9 162.8 35.3 36.7 36.0 35.5 
229 222.2 193.6 207.9 187.7 37.3 38.5 37.9 36.9 
230 186.8 189.8 188.3 183.2 36.5 37.7 37.1 38.0 
231 201.6 191.3 196.5 170.5 37.0 37.3 37.2 37.1 
232 206.7 197.8 202.2 213.7 36.9 37.4 37.1 39.5 
233 185.5 183.1 184.3 178.4 35.4 36.2 35.8 36.9 
234 195.6 198.9 197.3 209.0 37.9 38.7 38.3 37.5 
235 216.3 198.5 207.4 198.1 37.7 37.9 37.8 38.2 
236 220.9 183.5 202.2 196.9 37.7 39.0 38.3 37.5 
237 194.1 177.8 186.0 188.4 35.9 36.4 36.1 35.7 
238 218.3 220.5 219.4 192.4 36.4 38.5 37.4 37.9 
239 197.5 170.8 184.1 176.5 37.1 38.4 37.7 37.7 
240 201.3 197.0 199.2 177.2 38.0 37.8 37.9 38.4 
241 204.6 193.1 198.8 192.9 36.3 36.4 36.3 36.2 
242 200.8 210.6 205.7 188.1 37.0 38.6 37.8 36.2 
243 212.3 188.0 200.1 205.1 36.8 36.4 36.6 37.6 
244 190.2 189.9 190.1 199.7 35.8 36.4 36.1 36.5 
245 195.8 189.3 192.6 188.0 36.9 38.0 37.4 40.7 
246 232.3 214.9 223.6 200.6 37.9 38.0 37.9 37.5 
247 210.8 193.9 202.4 189.3 37.2 37.5 37.3 35.8 
248 208.3 192.3 200.3 194.1 38.4 39.4 38.9 37.6 
249 215.6 198.9 207.2 221.3 36.6 38.3 37.4 37.3 
250 202.7 200.9 201.8 201.6 37.0 39.1 38.0 37.4 
251 209.6 186.8 198.2 195.6 37.7 38.6 38.1 35.9 
252 211.5 201.8 206.7 205.0 37.9 38.0 37.9 38.0 
253 198.3 188.5 193.4 189.3 36.6 36.9 36.7 37.5 
254 200.0 188.4 194.2 200.1 35.8 37.2 36.5 36.4 
255 192.6 165.8 179.2 199.9 35.4 36.8 36.1 38.8 
256 217.1 209.9 213.5 204.3 36.6 37.8 37.2 36.5 
257 225.1 229.2 227.2 239.0 37.7 37.6 37.6 38.8 
258 214.7 211.5 213.1 199.7 38.2 38.8 38.5 38.5 
259 216.7 194.1 205.4 216.5 36.2 36.4 36.3 36.1 
260 197.5 180.2 188.8 170.5 37.2 37.8 37.5 37.7 
261 180.0 174.2 177.1 168.1 35.1 35.8 35.4 38.0 
262 189.5 173.8 181.7 144.2 36.8 37.9 37.4 37.2 
263 203.5 170.8 187.1 183.3 37.2 38.2 37.7 39.4 
264 193.2 186.0 189.6 205.6 36.9 37.6 37.2 38.4 
265 201.7 212.4 207.1 197.8 36.5 37.8 37.1 38.3 
266 191.6 190.3 191.0 198.8 38.6 38.9 38.7 41.6 
267 194.1 170.2 182.2 193.7 36.5 37.5 37.0 38.4 
268 206.9 203.8 205.4 183.3 37.6 39.2 38.4 38.6 
269 186.4 187.3 186.9 195.3 34.4 35.8 35.1 37.8 
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Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~± Burke~§ x,r F2 Plant# Agronom~tt Burke~ n x§§ F2 Plan1,r 
d-1 -------------------------------%---------------------------mg see -----
270 216.1 193.9 205.0 193.0 38.5 38.4 38.4 37.7 
271 199.4 192.8 196.1 215.4 35.5 36.4 36.0 38.7 
272 195.1 189.6 192.3 211.8 37.7 37.8 37.7 38.9 
273 195.1 179.8 187.5 181.1 35.5 36.6 36.0 35.0 
274 202.4 183.3 192.9 165.4 36.1 38.4 37.2 36.0 
275 215.6 212.4 214.0 208.9 36.9 37.3 37.1 37.6 
276 191.4 179.3 185.4 214.7 36.3 35.8 36.0 39.2 
277 191.4 179.8 185.6 176.0 36.3 38.0 37.2 36.6 
278 182.4 174.2 178.3 154.1 34.6 36.0 35.3 35.6 
279 175.0 169.1 172.1 175.7 35.4 36.1 35.7 36.1 
280 187.6 190.8 189.2 177.0 37.3 37.8 37.5 37.3 
281 215.8 191.1 203.4 198.8 36.9 37.2 37.0 37.8 
282 203.0 183.2 193.1 179.4 35.9 36.6 36.3 37.2 
283 205.3 196.4 200.8 237.6 35.8 36.6 36.2 37.3 
284 213.5 194.3 203.9 229.8 36.7 37.7 37.2 37.7 
285 205.0 187.3 196.2 187.3 37.8 38.7 38.3 37.6 
286 212.7 207.6 210.1 197.8 38.3 40.4 39.4 40.9 
287 187.4 186.9 187.1 201.7 37.1 37.6 37.3 39.7 
288 193.8 179.7 186.8 173.9 37.0 38.0 37.5 37.7 
289 197.2 193.6 195.4 195.1 36.4 38.1 37.2 36.8 
290 216.1 217.1 216.6 188.9 38.7 38.2 38.4 36.5 
291 201.5 201.6 201.5 195.9 37.5 38.4 37.9 39.9 
292 209.9 206.7 208.3 190.5 37.7 38.8 38.3 37.8 
293 214.0 191.9 202.9 192.7 37.9 38.9 38.4 38.5 
294 208.1 204.6 206.4 186.1 36.9 37.5 37.2 35.7 
295 229.7 226.7 228.2 200.1 37.4 38.4 37.9 37.4 
296 183.0 190.0 186.5 208.7 35.2 37.4 36.3 37.7 
297 200.5 209.3 204.9 198.4 37.1 38.8 37.9 40.4 
298 201.1 196.3 198.7 188.0 37.5 38. l 37.8 39.9 
299 196.5 185.9 191.2 178.8 36.6 37.7 37.1 38.0 
300 196.9 184.4 190.7 174.5 35.5 35.7 35.6 36.1 
301 210.3 209.8 210.0 209.5 37.8 37.8 37.8 38.4 
302 201.3 196.4 198.8 204.4 37.5 39.7 38.6 37.2 
303 206.1 208.7 207.4 185.8 38.0 37.8 37.9 37.6 
304 193.3 183.8 188.6 186.8 37.8 39.1 38.4 38.5 
305 213.5 196.3 204.9 203.8 37.7 38.5 38.1 38.6 
306 213.4 205.0 209.2 232.4 37.7 38.9 38.3 39.0 
307 203.4 204.8 204.1 195.2 37.3 37.5 37.4 38.6 
308 209.9 204.9 207.4 211.7 37.5 37.9 37.7 39.2 
309 196.2 199.3 197.7 212.7 38.1 38.9 38.5 37.1 
310 209.1 209.8 209.5 206.0 37.5 38.3 37.9 39.5 
311 222.7 207.2 215.0 249.9 37.8 37.2 37.5 38.3 
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Table A2. (Continued). 
Seed Size 
f 2:3 lines 
Entryt Agronomy; Burkey§ X1 F2 Plant# 
d-1 --- -----mg see -----------------
312 219.6 
313 227.8 
314 230.6 
315 220.1 
316 219.8 
317 212.8 
318 223.8 
319 221.2 
320 225.1 
321 163.3 
322 162.1 
323 165.4 
324 153.9 
325 161.6 
326 158.8 
327 162.9 
328 161.7 
329 170.6 
330 163.8 
X 202.6 
SE## 8.3 
LSDttt 
0.05 23.0 
LSD 
0.01 30.4 
215.7 
176.8 
218.8 
205.0 
208.8 
221.8 
196.5 
217.3 
211.9 
153.8 
156.3 
155.8 
132.7 
145.8 
155.9 
144.3 
138.5 
154.9 
157.6 
217.6 
202.3 
224.7 
212.6 
214.3 
217.3 
210.2 
219.3 
218.5 
158.5 
159.2 
160.6 
143.3 
153.7 
157.4 
153.6 
150.1 
162.7 
160.7 
193.4 198.0 
16.9 5.2 
22.6 16.9 
62.0 22.2 
221.0 
218.8 
218.8 
224.3 
226.3 
259.8 
218.7 
228.1 
245.5 
172.7 
155.9 
154.1 
162.3 
167.5 
157.0 
158.4 
179.7 
173.3 
161.6 
192.7 
Trait 
Protein 
f 2: 3 lines 
Agronomytt Burkey;+ x §§ F2 Planti[1 
-------------------------------%-------------------------
37. 6 37.2 37.4 38.3 
38.7 37.8 38.3 37.6 
38.2 37.6 37.9 38.2 
37.8 38.1 37.9 39.1 
37.7 37.7 37.7 38.3 
36.5 37.8 37.1 38.6 
38.2 37.6 37.9 39.7 
37.9 37.1 37.5 38.6 
37.2 37.7 37.5 38.0 
34.2 35.0 34.6 38.4 
34.1 36.1 35.1 37.4 
34.2 37.2 35.7 35.0 
33.5 35.4 34.5 35.5 
33.9 35.7 34.8 34.8 
33.3 34.9 34.1 34.8 
34.1 35.8 34.9 34.6 
34.4 34.9 34.7 35.8 
33.9 35.6 34.7 36.2 
34.2 35.2 34.7 36.1 
36.8 
0.4 
1.3 
1.6 
37.5 
0.4 
1.3 
1.6 
37.2 
0.4 
1.0 
1.3 
37.5 
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Table A3. Seed size and protem. content of individual F2 plants and parents, aruI ofF2,3 lines and parents at 
individual locations and combined across locations for Set 3. 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~± Burke~§ x,r F2 Plant# Agronom~tt Burke~U x§§ F2 Plan~1 
------------ mg seed·1 % 
I 174.0 156.4 165.2 164.4 37.4 37.6 37.5 38.7 
2 200.2 183.0 191.6 167.4 36.8 37.1 36.9 36.8 
3 173.5 155.5 164.5 152.8 34.5 35.6 35.0 35.0 
4 185.l 174.3 179.7 186.4 35.2 36.0 35.6 37.2 
5 177.9 157.5 167.7 154.l 36.4 36.4 36.4 36.3 
6 172.0 156.9 164.5 147.1 36.0 37.6 36.8 35.2 
7 191.3 171.9 181.6 175.2 36.8 37.l 37.0 38.2 
8 201.8 179.0 190.4 199.7 37.4 38.l 37.7 38.7 
9 177.2 163.8 170.5 166.8 36.0 37.3 36.6 37.7 
IO 179.2 160.6 169.9 161.8 35.7 35.6 35.7 35.0 
11 167.5 168.5 168.0 166.l 35.5 36.5 36.0 37.2 
12 194.0 184.5 189.3 165.0 36.5 37.8 37.l 36.9 
13 171.3 162.5 166.9 156.3 35.8 37.8 36.8 36.7 
14 194.l 173.3 183.7 193.1 37.5 39.6 38.5 36.5 
15 164.7 149.4 157.1 156.3 35.4 35.1 35.2 35.9 
16 173.1 170.7 171.9 165.7 34.6 36.2 35.4 38.1 
17 180.4 157.8 169.1 173.0 37.1 37.5 37.3 37.6 
t Entry numbers were preceded by 830. For example, entry I was 830001. Entries 1 to 100 were from 
population 31, IOI to 200 were from Population 32,201 to 300 were from Population 33, 301 to 310 were A97-
874063, 311 to 320 were A97-874052, and 321-330 were 9306. 
t Mean seed size ofF2:3 lines across two replications at the Agronomy Farm in 2000. 
§ Mean seed size ofF2,3 lines across two replications at the Burkey Farm in 2000. 
,r Mean seed size ofF2,3 lines across the two locations in Iowa in 2000. 
# Seed size of an individual F2 or parent plant grown in 1999. 
tt Mean protein content ofF2,3 lines across two replications at the Agronomy Farm in 2000. 
tt Mean protein content ofF2:3 lines across two replications at the Burkey Farm in 2000. 
§§ Mean seed size ofF2:3 lines across the two locations in Iowa in 2000. 
,r,r Protein content of an individual F2 or parent plant grown in 1999. 
## Standard error of the mean based on the error mean square. 
ttt Least significant difference at the 0.05 and 0.01 probability levels based on the error mean square. 
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Table A3. (Continued). 
Trait 
Seed Size Protein 
F23 lines F23 lines 
Entr~t Agronom~! Burke~§ x~ F2 Plant# Agronomytt Burke~ U x§§ F2 Plan~~ 
ct•! %-----------------------------------mg see -----------------
18 194.0 181.4 187.7 189.3 36.4 37.4 36.9 35.7 
19 185.7 167.3 176.5 183.6 35.9 37.3 36.6 38.3 
20 186.2 166.4 176.3 203.6 35.3 36.3 35.8 36.3 
21 171.9 154.7 163.3 162.4 36.6 37.5 37.0 36.2 
22 180.9 173.5 177.2 177.7 35.7 36.7 36.2 37.5 
23 183.1 159.6 171.3 184.7 36.7 36.9 36.8 38.4 
24 186.2 165.3 175.8 172.1 37.0 36.9 37.0 35.1 
25 151.1 134.2 142.7 144.3 35.1 35.5 35.3 36.0 
26 169.9 166.3 168.1 167.3 34.9 36.7 35.8 39.1 
27 191.2 191.9 191.5 181.2 36.8 37.3 37.0 36.4 
28 178.4 175.0 176.7 175.6 35.8 36.3 36.0 38.6 
29 181.5 169.7 175.6 140.9 36.8 36.8 36.8 36.1 
30 191.2 176.4 183.8 168.9 36.7 37.1 36.9 36.9 
31 178.7 173.9 176.3 157.8 35.9 37.6 36.7 36.5 
32 179.3 163.0 171.1 173.2 35.1 37.4 36.3 38.2 
33 169.2 142.0 155.6 164.1 34.2 35.5 34.9 35.0 
34 196.6 192.1 194.3 166.4 37.5 38.7 38.1 39.2 
35 175.9 150.9 163.4 155.2 34.9 35.8 35.3 36.9 
36 180.3 181.3 180.8 187.1 36.4 37.9 37.1 37.7 
37 179.0 162.9 171.0 166.9 36.0 37.4 36.7 36.3 
38 184.4 161.5 173.0 156.7 36.4 38.0 37.2 36.3 
39 174.1 161.7 167.9 171.8 35.8 36.2 36.0 36.1 
40 171.3 156.9 164.l 167.0 34.6 36.2 35.4 34.7 
41 183.4 181.4 182.4 198.1 36.2 37.4 36.8 37.5 
42 172.7 162.4 167.5 152.2 35.0 35.7 35.3 37.4 
43 211.7 176.l 193.9 188.4 37.2 38.1 37.7 38.0 
44 186.4 179. l 182.8 189.2 36.5 37.1 36.8 36.3 
45 173.4 151.6 162.5 156.7 37.l 37.3 37.2 36.8 
46 185.5 193.5 189.5 206.3 35.3 36.7 36.0 35.8 
47 181.1 181.5 181.3 190.7 35.7 37.1 36.4 36.6 
48 167.9 161.3 164.6 176.0 35.4 36.3 35.9 37.4 
49 175.8 172.3 174.1 141.9 35.2 36.8 36.0 35.9 
50 188.0 174.1 181.0 205.1 36.1 37.5 36.8 37.6 
51 195.9 164.4 180.2 180.2 38.2 37.6 37.9 38.4 
52 165.6 151.4 158.5 142.5 35.1 36.6 35.8 35.5 
53 184.3 168.7 176.5 159.9 36.4 38.1 37.3 37.7 
54 183.2 153.5 168.3 180.1 36.7 38.1 37.4 37.5 
55 164.6 152.5 158.6 140.5 34.5 35.5 35.0 35.1 
56 189.5 174.0 181.8 181.7 36.1 36.8 36.5 37.6 
57 184.3 173.6 179.0 161.3 35.3 35.5 35.4 37.3 
58 185.7 164.7 175.2 172.3 35.4 37.6 36.5 37.5 
59 185.0 176.4 180.7 184.6 35.9 37.3 36.6 35.7 
76 
Table A3. (Continued). 
Trait 
Seed Size Protein 
F2:J lines F2:3 lines 
Entryt Agronomi:t Burkei:§ X1 F2 Plant# Agronomi:tt Burkei: ±± x§§ F2Plant1,r 
mg seed"1 '¾ 
60 172.8 160.3 166.6 171.5 36.3 36.4 36.3 36.2 
61 168.2 165.4 166.8 153.0 34.9 36.4 35.6 35.9 
62 179.5 165.2 172.4 179.4 35.5 35.8 35.6 37.7 
63 192.4 164.2 178.3 165.1 38.1 37.7 37.9 38.8 
64 173.4 171.0 172.2 164.7 35.9 37.0 36.4 36.4 
65 192.0 185.1 188.5 156.7 35.7 37.1 36.4 35.8 
66 192.1 178.2 185.2 193.5 36.2 37.0 36.6 36.9 
67 187.4 184.4 185.9 179.1 36.0 36.7 36.3 35.3 
68 187.3 174.5 180.9 193.8 35.2 36.3 35.7 36.4 
69 179.9 161.3 170.6 148.0 36.7 35.9 36.3 35.9 
70 185.7 176.9 181.3 167.2 36.2 36.5 36.3 35.9 
71 166.5 147.1 156.8 153.3 35.7 36.7 36.2 36.6 
72 167.0 159.3 163.1 149.8 35.5 36.4 35.9 37.1 
73 179.9 165.5 172.7 179.0 35.8 36.5 36.2 39.1 
74 177.9 177.8 177.8 176.5 34.9 37.6 36.3 36.8 
75 169.4 168.2 168.8 164.4 37.4 36.9 37.l 37.2 
76 190.8 163.8 177.3 166.8 37.4 38.1 37.7 39.5 
77 205.0 182.2 193.6 193.0 35.5 36.0 35.7 37.4 
78 158.8 154.9 156.9 161.6 33.8 34.8 34.3 36.5 
79 173.l 163.4 168.2 171.9 36.5 36.8 36.6 38.1 
80 185.9 172.2 179.1 149.7 37.2 37.3 37.3 37.1 
81 179.0 160.6 169.8 179.5 35.3 35.9 35.6 36.4 
82 165.2 157.9 161.5 168.0 34.0 36.1 35.0 37.3 
83 176.3 149.0 162.6 154.7 36.3 38.6 37.4 38.0 
84 153.7 148.8 151.3 165.8 35.1 37.3 36.2 37.3 
85 188.1 154.2 171.2 193.5 35.2 36.5 35.8 37.4 
86 194.1 171.8 182.9 189.0 36.2 36.4 36.3 36.7 
87 182.0 160.6 171.3 166.8 35.3 37.2 36.2 37.5 
88 163.8 158.9 161.3 154.7 35.2 37.5 36.3 39.6 
89 180.7 165.8 173.3 165.8 36.4 36.8 36.6 39.6 
90 191.7 169.5 180.6 181.9 35.8 36.1 35.9 35.1 
91 194.5 171.4 182.9 164.9 36.8 37.5 37.1 37.5 
92 172.0 150.6 161.3 164.8 35.8 36.9 36.4 37.6 
93 179.4 151.3 165.4 154.1 36.0 35.9 35.9 37.l 
94 169.5 147.5 158.5 173.9 35.5 36.9 36.2 36.2 
95 167.9 164.0 165.9 159.5 35.4 36.7 36.1 37.7 
96 180.9 178.5 179.7 167.6 36.0 36.4 36.2 38.4 
97 157.8 149.9 153.9 149.8 35.3 36.6 35.9 37.4 
98 185.3 166.1 175.7 160.4 36.1 36.2 36.1 36.8 
99 167.3 149.2 158.3 155.7 35.3 36.3 35.8 36.4 
100 193.9 186.1 190.0 165.7 36.9 37.2 37.0 36.5 
101 204.8 190.5 197.7 169.9 36.3 37.3 36.8 36.1 
77 
Table A3. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronomyt Burkey§ xi F2 Plant# Agronom~tt Burke~ tt x§§ F2Plan~~ 
d-t -------------------------------%--------------------------------------------------mg see -
102 211.9 189.8 200.9 211.3 37.4 38.3 37.8 36.7 
103 205.0 208.5 206.8 184.9 37.3 38.0 37.6 36.3 
104 216.7 215.5 216.1 183.8 36.7 36.7 36.7 36.7 
105 207.9 202.5 205.2 221.4 36.3 36.9 36.6 36.2 
106 231.0 217.1 224.0 193.l 37.4 38.3 37.8 36.8 
107 227.3 204.1 215.7 210.4 36.8 37.3 37.0 36.3 
108 213.6 212.6 213.1 183.1 36.9 37.4 37.I 37.2 
109 212.0 176.7 194.3 194.8 37.0 37.1 37.0 37.1 
110 196.8 181.6 189.2 182.1 36.3 36.7 36.5 36.8 
111 206.2 202.1 204.2 183.2 36.6 36.8 36.7 35.8 
112 205.0 191.5 198.2 191.0 36.1 37.0 36.5 37.2 
113 226.6 188.5 207.6 190.2 36.6 36.8 36.7 37.4 
114 221.5 201.3 211.4 227.2 37.5 37.6 37.5 36.5 
115 209.9 201.7 205.8 196.7 36.5 36.3 36.4 37.7 
116 214.1 205.1 209.6 217.5 36.7 37.8 37.2 36.4 
117 209.3 195.1 202.2 211.9 36.9 37.1 37.0 38.1 
118 212.2 197.0 204.6 210.6 36.2 37.5 36.8 36.4 
119 218.4 216.1 217.3 220.9 36.2 37.9 37.1 39.8 
120 217.0 211.6 214.3 236.0 37.1 37.7 37.4 35.5 
121 200.5 200.5 200.5 212.5 35.7 36.5 36.1 36.3 
122 208.4 202.2 205.3 178.9 36.0 36.7 36.3 35.8 
123 204.5 192.8 198.6 222.7 36.4 38.1 37.2 37.5 
124 216.6 204.6 210.6 194.6 36.5 37.2 36.8 36.8 
125 220.5 195.1 207.8 189.0 36.5 36.6 36.6 36.3 
126 207.1 194.5 200.8 210.1 36.4 37.5 37.0 37.9 
127 199.0 190.5 194.8 188.7 36.5 36.6 36.5 35.9 
128 212.8 221.8 217.3 217.7 37.4 38.8 38.1 39.1 
129 215.6 197.0 206.3 223.3 37.6 38.2 37.9 38.9 
130 201.2 207.8 204.5 184.8 35.8 36.6 36.2 36.9 
131 196.0 167.6 181.8 223.6 35.6 36.4 36.0 37.2 
132 203.9 185.1 194.5 224.0 37.3 36.7 37.0 36.6 
133 201.1 199.7 200.4 194.2 37.1 37.4 37.2 37.7 
134 189.9 181.1 185.5 189.4 36.6 36.6 36.6 37.3 
135 203.0 215.6 209.3 198.0 36.1 37.0 36.5 36.9 
136 210.6 198.0 204.3 199.2 36.2 37.1 36.6 36.6 
137 217.6 193.3 205.4 195.2 36.8 37.6 37.2 37.9 
138 209.8 194.3 202.1 205.1 36.6 37.8 37.2 37.3 
139 226.9 204.5 215.7 198.1 36.4 36.8 36.6 36.9 
140 205.3 212.6 209.0 218.9 36.5 37.8 37.1 37.3 
141 199.2 194.6 196.9 201.2 37.1 38.5 37.8 36.9 
142 215.8 206.1 211.0 224.8 36.9 38.0 37.5 36.6 
143 190.5 167.6 179.0 209.3 35.5 36.3 35.9 37.0 
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Table A3. (Continued). 
Trait 
SeedSize _Erotein 
F2:3 lines F2;3 lines 
Entryt Agronomi'.± Burkei:§ x~ F2 Plant# Agronomi'.tt Burkei'. :j::j: x§§ F2 Plan~~ 
d-1 -------------------------------%--------------------------------------------------mg see -----------------
144 207.8 193.6 200.7 221.9 37.2 36.9 37.0 38.7 
145 211.7 215.3 213.5 226.9 36.9 37.2 37.1 38.6 
146 216.7 192.0 204.3 184.9 37.1 38.0 37.5 37.2 
147 217.3 205.8 211.6 217.6 37.6 37.7 37.6 36.9 
148 179.0 164.0 171.5 180.1 35.0 36.7 35.9 36.9 
149 207.2 186.5 196.8 208.1 36.0 37.3 36.6 38.4 
150 209.5 202.2 205.9 200.3 37.4 37.7 37.6 37.5 
151 216.5 200.2 208.4 198.8 36.9 36.7 36.8 38.4 
152 236.8 216.7 226.8 187.0 38.0 38.6 38.3 35.3 
153 221.3 207.6 214.4 203.4 37.1 38.8 37.9 36.1 
154 203.3 183.1 193.2 200.9 36.9 37.9 37.4 38.5 
155 202.2 194.6 198.4 196.4 37.0 37.8 37.4 37.7 
156 235.2 178.2 206.7 188.8 37.5 38.5 38.0 38.3 
157 199.3 176.5 187.9 206.5 36.0 36.8 36.4 38.8 
158 229.0 213.8 221.4 194.3 39.1 39.1 39.1 35.9 
159 221.8 200.6 211.2 208.4 37.5 37.5 37.5 37.5 
160 203.7 184.6 194.1 172.4 36.3 36.8 36.5 35.0 
161 212.9 182.1 197.5 191.7 36.7 36.6 36.6 36.7 
162 224.1 209.4 216.8 216.4 37.6 37.3 37.4 37.6 
163 190.0 165.0 177.5 169.1 35.9 37.5 36.7 35.8 
164 220.8 179.9 200.3 185.3 36.8 38.2 37.5 38.0 
165 238.5 218.4 228.5 195.6 37.1 38.1 37.6 37.4 
166 213.1 194.4 203.7 205.1 36.0 38.6 37.3 37.1 
167 227.6 217.4 222.5 206.1 36.5 37.6 37.0 37.0 
168 238.5 211.7 225.1 213.2 37.0 37.6 37.3 38.0 
169 193.0 171.7 182.4 177.6 34.9 35.5 35.2 34.5 
170 212.0 182.2 197.1 179.8 35.9 36.8 36.3 35.4 
171 233.8 223.7 228.8 195.8 37.3 38.3 37.8 36.5 
172 191.8 186.0 188.9 164.4 36.2 37.7 37.0 38.6 
173 205.3 195.6 200.5 208.6 35.8 36.6 36.2 36.7 
174 218.3 193.3 205.8 187.5 37.2 38.1 37.7 36.0 
175 201.6 193.3 197.5 214.0 35.7 36.5 36.1 37.3 
176 227.3 208.9 218.1 220.l 37.3 37.9 37.6 37.4 
177 150.7 148.6 149.7 191.7 38.2 39.2 38.7 38.1 
178 212.3 193.7 203.0 207.3 36.2 37.4 36.8 36.8 
179 205.7 187.8 196.8 190.5 38.6 38.6 38.6 38.5 
180 196.1 196. l 196.1 189.3 36.1 37.2 36.6 36.5 
181 230.3 225.5 227.9 221.0 37.4 38.4 37.9 38.5 
182 191.0 185.5 188.3 194.5 36.5 35.8 36.1 37.5 
183 205.5 173.8 189.6 191.5 38.2 37.7 37.9 37.1 
184 190.6 164.3 177.5 178.4 36.4 37.0 36.7 37.2 
185 207.0 200.1 203.6 208.5 36.0 36.9 36.4 36.4 
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Table A3. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F 2:3 lines 
Entryt AgronOID}:± Burkey§ X~ F2 Plant# Agronom~tt Burke~H x§§ F 2 Plan~,r 
d.1 ------------%-------------------------------------mg see -----------------
186 219.4 218.7 219.1 185.6 38.2 38.6 38.4 38.6 
187 197.4 174.0 185.7 185.4 36.0 37.2 36.6 37.2 
188 227.5 210.1 218.8 196.7 35.9 37.3 36.6 37.3 
189 212.5 196.6 204.5 213.9 37.5 39.4 38.5 39.4 
190 228.8 219.0 223.9 231.9 37.7 38.4 38.1 38.4 
191 218.2 209.0 213.6 208.4 36.3 36.6 36.5 36.6 
192 190.2 186.1 188.1 213.4 36.2 36.8 36.5 36.8 
193 199.3 202.0 200.7 193.7 36.7 37.1 36.9 37.1 
194 229.0 219.0 224.0 208.7 36.2 37.5 36.8 37.5 
195 210.7 214.2 212.5 203.7 36.3 36.2 36.2 36.2 
196 208.0 203.3 205.6 192.0 37.0 36.1 36.5 36.1 
197 205.2 175.5 190.4 190.4 37.3 38.2 37.8 38.2 
198 219.6 196.6 208.1 221.1 36.9 37.6 37.2 37.6 
199 213.9 210.8 212.3 200.3 37.6 38.2 37.9 38.2 
200 207.3 187.9 197.6 176.3 36.4 36.8 36.6 36.8 
201 183.4 159.4 171.4 184.8 35.7 36.7 36.2 36.7 
202 163.2 159.7 161.4 157.3 34.7 35.2 35.0 35.2 
203 167.1 168.4 167.8 161.8 34.2 35.4 34.8 35.4 
204 153.7 149.0 151.3 154.0 35.4 35.0 35.2 35.0 
205 192.9 183.5 188.2 172.5 37.3 37.9 37.6 37.9 
206 209.0 201.4 205.2 216.9 37.2 38.0 37.6 38.0 
207 206.6 207.4 207.0 212.3 38.2 37.9 38.1 37.9 
208 214.0 202.1 208.0 211.1 38.4 38.3 38.3 38.3 
209 216.0 207.6 211.8 193.6 36.3 37.0 36.6 37.0 
210 201.8 181.9 191.9 188.1 35.7 38.6 37.2 38.6 
211 157.5 154.7 156.1 163.0 33.7 35.3 34.5 35.3 
212 185.5 159.0 172.2 159.5 36.9 38.8 37.8 38.8 
213 188.8 180.5 184.7 192.5 36.6 37.6 37.1 37.6 
214 176.1 164.1 170.1 162.0 37.3 37.6 37.4 37.6 
215 203.0 192.0 197.5 205.3 37.7 38.6 38.1 38.6 
216 200.9 175.0 187.9 206.9 36.2 37.6 36.9 37.6 
217 195.4 174.3 184.8 160.7 36.9 39.1 38.0 39.1 
218 202.6 224.2 213.4 215.9 35.7 38.3 37.0 38.3 
219 215.7 209.4 212.5 192.8 36.2 37.8 37.0 37.8 
220 204.2 202.3 203.2 212.9 36.9 37.1 37.0 37.1 
221 161.4 157.3 159.4 147.5 36.1 38.1 37.1 38.1 
222 182.5 173.6 178.0 152.9 36.4 38.1 37.2 38.1 
223 181.7 171.4 176.6 170.0 36.6 37.1 36.8 37.1 
224 176.8 173.0 174.9 199.5 37.0 37.9 37.5 37.9 
225 179.0 175.5 177.3 170.9 34.6 36.5 35.6 36.5 
226 162.8 151.8 157.3 170.3 34.1 36.0 35.1 36.0 
227 192.2 172.7 182.4 198.3 36.1 39.6 37.9 39.6 
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Table A3. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~J Burkey§ x~ F2 Plant# Agronomytt Burke}'. ±t x§§ F2 Plan~~ 
d-1 %-----------------------------------mg see ----------------- ---------------------
228 187.0 175.4 181.2 163.2 36.4 38.1 37.2 36.6 
229 197.6 184.9 191.3 189.7 35.2 36.3 35.7 37.7 
230 200.3 164.3 182.3 208.0 35.9 35.7 35.8 38.7 
231 177.5 179.6 178.5 199.3 34.2 36.3 35.3 39.3 
232 191.6 186.7 189.2 221.8 37.4 37.9 37.6 37.0 
233 209.6 179.7 194.6 192.0 38.2 37.6 37.9 37.7 
234 210.6 205.5 208.1 197.9 36.6 37.8 37.2 38.5 
235 207.5 204.1 205.8 207.6 36.7 37.6 37.1 37.9 
236 197.1 180.2 188.7 180.9 35.9 37.7 36.8 39.0 
237 188.2 155.1 171.7 170.1 36.4 37.4 36.9 37.5 
238 204.0 179.0 191.5 180.9 36.7 36.0 36.3 37.6 
239 210.8 202.5 206.7 191.8 36.2 36.8 36.5 36.9 
240 169.2 164.2 166.7 171.3 34.8 36.3 35.5 38.4 
241 167.7 165.1 166.4 183.0 35.4 35.7 35.5 37.4 
242 190.8 165.2 178.0 201.0 36.6 36.1 36.4 37.4 
243 181.9 170.2 176.1 187.3 35.7 35.9 35.8 36.3 
244 198.4 198.3 198.4 193.5 36.1 37.3 36.7 37.6 
245 182.4 177.9 180.1 171.7 35.1 35.8 35.4 35.3 
246 184.3 182.3 183.3 179.8 35.8 36.8 36.3 37.4 
247 178.2 186.9 182.6 179.7 34.9 36.1 35.5 36.1 
248 196.6 179.8 188.2 180.1 36.2 36.5 36.4 36.6 
249 173.2 181.8 177.5 170.2 35.8 37.3 36.6 37.5 
250 178.0 156.0 167.0 164.7 34.7 35.2 34.9 35.4 
251 175.9 165.7 170.8 161.7 35.1 35.4 35.2 37.1 
252 198.4 202.6 200.5 196.4 35.1 37.3 36.2 37.4 
253 176.3 170.0 173.2 186.8 36.1 36.5 36.3 36.9 
254 179.4 176.3 177.8 176.7 35.1 36.4 35.7 36.7 
255 208.6 205.9 207.3 206.2 36.6 37.9 37.3 36.8 
256 176.8 165.7 171.2 205.6 35.7 36.1 35.9 37.6 
257 192.1 169.2 180.7 219.6 35.7 38.2 36.9 39.2 
258 195.9 174.9 185.4 186.3 36.9 37.5 37.2 36.3 
259 192.4 176.9 184.7 184.0 35.6 37.0 36.3 38.2 
260 196.7 194.1 195.4 198.7 35.6 36.0 35.8 39.3 
261 193.0 163.1 178.0 175.5 35.1 36.6 35.9 36.4 
262 202.8 178.8 190.8 165.1 36.4 37.0 36.7 35.7 
263 195.8 190.7 193.2 204.2 36.2 36.8 36.5 37.6 
264 179.9 186.8 183.4 183.8 35.1 37.5 36.3 37.4 
265 177.3 169.2 173.2 182.0 37.1 37.2 37.1 37.6 
266 177.5 161.3 169.4 169.4 37.4 37.2 37.3 39.8 
267 158.9 156.2 157.6 156.6 33.8 35.2 34.5 35.8 
268 170.0 164.9 167.5 178.4 34.9 36.5 35.7 36.7 
269 177.0 176.9 177.0 177.4 35.3 37.2 36.2 38.2 
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Table A3. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2 3 lines 
Entr~t Agronom~t Burke~§ Xi F 2 Plant# Agronom~tt Burke~ H x§§ F2 Plan11 
d-1 -------------------------------%--------------------------------------------------mg see -----------------
270 174.5 156.8 165.7 153.6 34.9 36.4 35.6 36.9 
271 176.3 177.1 176.7 170.1 35.9 36.2 36.0 36.3 
272 188.9 160.3 174.6 160.5 36.5 36.4 36.5 35. l 
273 186.0 191.5 188.8 181.6 35.7 37.8 36.7 38. l 
274 190.7 185.8 188.3 189.9 36.5 37.4 36.9 37.2 
275 215.4 192.3 203.8 167.7 37.2 38.5 37.8 36.5 
276 188.0 172.3 180. l 164.6 37.1 37.5 37.3 38. l 
277 186.5 180.4 183.4 186.8 35.9 37.0 36.4 37.9 
278 196.5 178.0 187.2 196.4 36.3 37.9 37.1 36.l 
279 195.0 182.7 188.9 175.4 37.2 37.1 37.l 36.9 
280 188.7 195.0 191.8 194.1 35.8 38.1 37.0 39.4 
281 176.0 171.2 173.6 171.2 35.9 36.6 36.2 35. l 
282 174.7 164.6 169.6 178.7 35.2 36.0 35.6 37.2 
283 188.0 184.2 186.1 182.0 37.l 36.9 37.0 37.9 
284 182.6 168.8 175.7 158.3 36.5 36.9 36.7 36.7 
285 193.7 168.6 181.2 169.3 36.6 37.3 36.9 35.8 
286 199.6 186.8 193.2 193.0 35.6 37.3 36.4 37.6 
287 191.7 182.9 187.3 180.2 35.7 36.3 36.0 35. l 
288 197.7 190.2 194.0 191.9 35.1 36.3 35.7 37.2 
289 194.7 180.8 187.7 211.8 35.0 35.9 35.4 36.6 
290 189.0 174.4 181.7 190.4 35.0 36.2 35.6 36.8 
291 189.6 165.3 177.5 165.2 34.8 36.2 35.5 36.3 
292 177.2 176.6 176.9 184.0 34.3 35.7 35.0 36.6 
293 179.0 161.2 170.1 199.2 35.4 37.6 36.5 36.2 
294 194.7 175.4 185.1 181.2 36.5 36.6 36.5 36.3 
295 197.2 187. l 192.1 188. l 36.5 36.9 36.7 36.5 
296 189.9 177.2 183.5 176.9 35.9 36.4 36.1 36.3 
297 206.5 184.9 195.7 200.4 36.9 38.2 37.5 38.0 
298 190.6 174.7 182.7 177.0 36.6 36.5 36.5 36.l 
299 201.9 193.1 197.5 197.9 38.0 37.3 37.6 37.3 
300 214.9 209.7 212.3 241.0 38.2 38.4 38.3 37.8 
301 215.9 206.9 211.4 237.0 38.0 38.4 38.2 38. l 
302 226.4 181.7 204.0 224.8 37.4 38.6 38.0 38.8 
303 220.3 202.9 211.6 195.6 38.3 38.9 38.6 38.7 
304 209.4 204.6 207.0 243.5 37.0 38.9 37.9 37.3 
305 215.2 193.7 204.5 224.3 37.9 38.0 37.9 40.2 
306 213.2 203.3 208.3 219.2 37.8 38.8 38.3 39.3 
307 219.7 208.0 213.9 205.2 36.6 36.5 36.6 38.4 
308 221.9 214.2 218.0 214.9 36.9 37.9 37.4 36.4 
309 214.9 183.8 199.4 216.1 36.2 36.5 36.3 36.7 
310 229.2 206.3 217.8 228.7 38.6 38.8 38.7 40.0 
311 218.8 205.3 212.1 192.6 36.9 37.8 37.3 37.2 
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Table A3. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt AgronomiJ Burkex§ x~ F2 Plant# Agronomxtt Burkel'.±± x§§ F2 Plant1[,r 
d-1 '¾ mg see ----
312 224.6 216.5 220.6 196.7 36.7 36.5 36.6 37.9 
313 210.3 191.7 201.0 182.2 36.8 36.4 36.6 37.6 
314 218.7 214.4 216.5 186.8 35.5 36.7 36.1 36.3 
315 201.9 194.6 198.2 199.9 36.1 36.7 36.4 36.3 
316 203.6 198.1 200.8 213.6 36.5 37.1 36.8 37.1 
317 192.2 173.7 183.0 181.5 36.1 35.7 35.9 37.6 
318 217.7 212.9 215.3 203.6 37.0 37.1 37.1 37.0 
319 201.8 195.9 198.8 227.3 35.5 37.5 36.5 37.5 
320 210.6 201.3 206.0 195.9 36.5 37.7 37.1 36.0 
321 151.4 133.8 142.6 126.2 33.5 34.2 33.8 34.5 
322 142.6 141.2 141.9 130.0 33.8 35.7 34.7 35.6 
323 137.2 130.1 133.6 120.3 33.2 35.3 34.3 33.9 
324 134.8 132.5 133.6 129.0 34.4 35.3 34.9 35.8 
325 145.7 129.9 137.8 134.9 33.7 35.1 34.4 35.2 
326 134.3 126.6 130.5 120.9 33.0 35.4 34.2 33.9 
327 145.1 139.9 142.5 124.2 33.8 36.3 35.0 34.7 
328 133.7 132.5 133.1 124.2 32.9 35.6 34.2 36.6 
329 141.5 156.0 148.7 129.3 34.3 36.9 35.6 36.1 
330 139.9 126.6 133.2 130.9 34.0 34.5 34.2 33.6 
x 192.9 180.3 186.6 184.4 36.2 37.0 36.6 37.1 
SE## 4.9 8.9 5.2 0.5 0.5 0.5 
LSDttt 
0.05 13.6 24.7 14.3 1.3 1.5 1.0 
LSD 
0.01 17.9 32.5 18.9 1.8 2.0 1.9 
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Table A4. Seed size and protein content of individual F2 plants and parents, and ofF23 lines and parents at 
individual locations and combined across locations for Set 4. 
Trait 
Seed Size Protein 
F2,3 lines F2,3 lines 
Entryt Agronomyt Burkey§ X~ F2 Plant# 
d-1 
Agronomytt Burkey :j::j: X §§ F2 Plan~~ 
-------------------------mg see ----------------- -------------------------------%-------------------------
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
187.9 
183.4 
179.6 
185.6 
170.2 
181.5 
203.6 
190.1 
187.1 
190.5 
176.8 
193.9 
194.6 
179.4 
186.2 
172.8 
180.6 
175.5 
170.5 
167.3 
181.4 
172.1 
186.3 
214.0 
186.4 
184.2 
173.6 
166.0 
182.2 
190.6 
181.9 
181.5 
171.5 
173.6 
181.7 
176.9 
173.4 
183.5 
171.2 
183.9 
208.8 
188.2 
185.6 
182.0 
171.4 
188.1 
192.6 
180.6 
183.8 
172.1 
177.1 
168.2 
163.3 
169.2 
190.1 
175.8 
178.5 
152.3 
182.7 
158.2 
167.2 
142.2 
165.4 
141.9 
183.5 
154.4 
173.9 
154.6 
37.5 
34.5 
35.1 
35.1 
35.6 
36.1 
35.0 
35.3 
35.5 
35.7 
37.1 
36.4 
36.0 
35.7 
36.4 
36.5 
36.6 
36.9 
36.3 
35.5 
34.8 
36.0 
35.8 
36.2 
36.2 
37.4 
35.9 
36.9 
36.9 
36.6 
36.3 
37.2 
36.0 
36.9 
37.2 
35.4 
35.3 
34.9 
35.8 
35.9 
35.6 
35.8 
36.5 
35.8 
37.0 
36.6 
36.3 
36.0 
36.8 
36.2 
36.7 
36.3 
35.8 
36.3 
34.3 
35.6 
34.6 
36.0 
36.6 
35.0 
36.3 
38.9 
37.6 
36.2 
36.6 
37.7 
35.6 
34.7 
t Entry numbers were preceded by 831. For example, entry I was 83100 I. Entries 1 to 100 were from 
population 41, 10 I to 200 were from Population 42, 201 to 300 were from Population 43, 301 to 310 were A97-
774007, 311 to 320 were A97-874014, and 321-330 were IA2038. 
t Mean seed size ofF2:3 lines across two replications at the Agronomy Farm in 2000. 
§ Mean seed size ofF2:3 lines across two replications at the Burkey Farm in 2000. 
Mean seed size ofF2,3 lines across the two locations in Iowa in 2000. 
# Seed size of an individual F2 or parent plant grown in 1999. 
tt Mean protein content of F2,3 lines across two replications at the Agronomy Farm in 2000. 
H Mean protein content ofF2:3 lines across two replications at the Burkey Farm in 2000. 
§§ Mean seed size ofF2,3 lines across the two locations in Iowa in 2000. 
Protein content of an individual F 2 or parent plant grown in 1999. 
## Standard error of the mean based on the error mean square. 
ttt Least significant difference at the 0.05 and 0.01 probability levels based on the error mean square. 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~t Burke~§ x~ F2 Plant# Agronomytt Burke~H x§§ F2 Plan~~ 
d-t %--------------------------------------------------mg see - -----------------
18 193.3 194.9 194.1 169.9 36.4 37.0 36.7 35.9 
19 190.5 175.3 182.9 170.0 34.4 35.0 34.7 37.5 
20 209.7 196.6 203.2 162.3 34.4 35.2 34.8 36.2 
21 174.6 161.4 168.0 172.3 36.1 37.1 36.6 37.3 
22 183.5 175.2 179.4 166.2 35.3 35.2 35.2 35.9 
23 188.9 191.5 190.2 161.5 37.1 37.0 37.0 37.8 
24 186.1 183.3 184.7 191.0 36.5 37.6 37.0 38.6 
25 175.3 167.7 171.5 169.8 35.1 36.6 35.8 38.4 
26 201.8 197.4 199.6 203.7 37.3 36.4 36.9 38.1 
27 204.0 180.9 192.4 181.6 36.0 36.3 36.2 37.0 
28 224.5 218.6 221.6 195.4 35.4 35.8 35.6 36.0 
29 187.4 187.4 187.4 172.3 36.3 36.5 36.4 35.4 
30 182.2 168.0 175.1 167.4 36.3 38.2 37.2 36.9 
31 194.8 182.7 188.8 176.4 36.3 37.5 36.9 36.8 
32 167.6 164.8 166.2 171.5 36.7 37.1 36.9 38.0 
33 181.3 185.7 183.5 174.1 37.2 38.4 37.8 36.8 
34 174.8 160.4 167.6 161.1 35.4 36.3 35.9 35.4 
35 207.4 182.3 194.8 186.3 36.2 36.6 36.4 35.8 
36 183.8 195.1 189.5 168.0 35.9 36.1 36.0 34.8 
37 163.4 165.3 164.3 155.7 36.3 37.1 36.7 37.1 
38 199.5 183.9 191.7 204.3 36.1 36.6 36.3 36.7 
39 168.9 177.9 173.4 164.0 36.4 36.5 36.4 36.0 
40 196.2 178.3 187.3 184.2 36.4 36.1 36.3 36.1 
41 200.1 180.1 190.1 199.9 35.9 36.7 36.3 38.3 
42 193.7 195.6 194.6 173.0 35.3 35.9 35.6 36.1 
43 189.0 188.4 188.7 155.2 36.4 36.6 36.5 37.2 
44 192.9 184.7 188.8 185. l 35.2 36.3 35.7 36.5 
45 186.0 172.l 179.0 177.0 36.0 36.5 36.2 36.9 
46 167.5 160.6 164.1 178.4 36.2 37.2 36.7 38.3 
47 174.9 178.2 176.6 206.5 36.5 36.9 36.7 37.6 
48 189.8 175.7 182.8 163.6 36.5 35.8 36.l 35.6 
49 182.2 166.3 174.3 160.9 36.5 36.l 36.3 38.2 
50 195. l 188.6 191.9 182.7 36.1 36.4 36.2 37.2 
51 174.3 156.0 165. l 172.9 35.4 37.0 36.2 37.0 
52 194.6 179.9 187.3 179.3 36.0 37.3 36.6 36.3 
53 200.4 185.8 193.l 200.l 34.5 36.9 35.7 36.5 
54 169.5 159.9 164.7 152.2 35.4 36.8 36.l 37.0 
55 192.5 188.6 190.5 195. l 36.3 36.6 36.4 37.1 
56 231.5 193.1 212.3 181.9 35.1 35.5 35.3 35.8 
57 174.6 155.9 165.3 178. l 36.6 36.8 36.7 37.5 
58 181.9 176.7 179.3 167.5 36.l 37.4 36.7 36.7 
59 188.8 174.3 181.6 171.6 36.5 37.4 36.9 38.9 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2,3 lines F2,3 lines 
Entryt Agronom~t Burke~§ x~ F2 Plant# Agronom~tt Burke~±± x§§ F2 Plan~i 
mg seect·1 ¾ 
60 184.5 177.7 181.l 157.l 35.3 35.5 35.4 36.2 
61 183.5 189.0 186.2 197.6 35.2 35.7 35.4 36.8 
62 200.4 197.6 199.0 177.5 35.4 36.3 35.8 38.6 
63 189.0 181.8 185.4 154.0 36.l 36.2 36.2 35.2 
64 195.l 194.9 195.0 184.7 36.6 36.2 36.4 37.2 
65 183.3 203.8 193.6 204.6 36.2 36.4 36.3 37.6 
66 202.6 188.7 195.7 187.9 34.5 35.4 34.9 37.7 
67 185.0 184.8 184.9 169.9 35.9 37.2 36.5 37.3 
68 178.4 186.4 182.4 162.8 35.6 37.2 36.4 36.6 
69 170.1 147.9 159.0 170.6 36.0 36.4 36.2 37.1 
70 166.9 148.8 157.9 154.1 36.4 37.4 36.9 38.2 
71 177.4 174.0 175.7 159.6 35.1 36.5 35.8 36.4 
72 197.4 190.7 194.0 157.1 36.3 36.7 36.5 37.1 
73 181.0 166.4 173.7 174.5 35.9 36.3 36.1 36.8 
74 170.2 175.5 172.8 145.6 35.7 36.3 36.0 37.l 
75 187.3 183.0 185.1 168.1 36.0 36.8 36.4 36.9 
76 198.4 187.1 192.7 178.9 35.5 35.8 35.6 35.5 
77 174.7 201.2 188.0 165.7 35.5 37.5 36.5 38.3 
78 184.8 174.9 179.8 161.4 36.6 39.0 37.8 38.6 
79 191.9 184.5 188.2 178.2 36.8 37.6 37.2 39.1 
80 217.5 205.2 211.3 201.6 34.9 35.8 35.4 35.8 
81 179.0 168.9 174.0 190.8 36.2 36.7 36.4 36.2 
82 185.5 172.6 179.l 156.9 35.4 35.5 35.5 36.4 
83 198.l 198.1 198.1 169.8 35.8 36.5 36.l 35.3 
84 183.6 162.0 172.8 169.2 36.2 36.5 36.4 38.1 
85 192.8 181.5 187.1 174.l 36.2 36.4 36.3 36.4 
86 180.7 184.4 182.5 183.0 35.4 35.9 35.6 36.0 
87 185.5 178.8 182.1 167.3 34.8 36.1 35.4 35.0 
88 200.1 186.2 193.2 174.5 35.8 37.6 36.7 38.5 
89 184.1 181.l 182.6 157.5 37.4 37.7 37.5 36.8 
90 187.7 177.9 182.8 161.4 36.l 36.0 36.0 35.5 
91 193.7 188.8 191.3 162.9 36.7 37.3 37.0 38.3 
92 196.3 182.2 189.2 188.8 35.0 37.1 36.0 36.9 
93 184.0 159.1 171.5 176.0 36.1 36.4 36.2 39.6 
94 178.6 181.4 180.0 172.7 35.8 35.8 35.8 38.6 
95 183.4 167.9 175.6 185.1 35.2 36.3 35.8 35.8 
96 199.5 181.5 190.5 166.5 35.6 36.6 36.1 35.0 
97 204.7 184.6 194.7 177.l 35.6 35.6 35.6 38.2 
98 179.1 168.6 173.9 168.8 36.0 36.4 36.2 38.8 
99 193.6 185.9 189.7 194.5 34.7 36.2 35.4 36.3 
100 181.9 169.8 175.8 161.4 35.1 36.3 35.7 35.9 
101 210.8 193.2 202.0 187.5 38.9 38.6 38.7 37.7 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt AgronOID}'.± Burkel'.§ Xi F2 Plant# AgronOID}'.tt Burkel'.±± x§§ F2 Plant,ii 
mg seed·1 '¼ 
102 229.6 198.2 213.9 194.9 38.7 39.1 38.9 39.6 
103 216.8 213.2 215.0 193.7 38.4 38.3 38.3 37.9 
104 225.6 204.4 215.0 224.9 37.6 38.6 38.l 38.6 
105 225.6 220.7 223.1 220.7 38.1 39.0 38.5 37.6 
106 208.2 179.2 193.7 198.7 37.5 38.1 37.8 36.9 
107 220.6 218.1 219.4 207.6 38.3 39.5 38.9 38.3 
108 225.6 216.2 220.9 220.5 36.6 37.0 36.8 37.5 
109 221.7 218.4 220.0 208.8 38.4 38.8 38.6 38.7 
110 205.4 198.7 202.0 222.6 39.5 40.1 39.8 39.7 
111 227.1 184.2 205.6 190.3 38.9 38.2 38.5 38.3 
112 220.5 203.9 212.2 242.8 38.2 37.7 37.9 38.2 
113 212.3 196.5 204.4 178.6 38.8 39.0 38.9 38.5 
114 228.1 222.1 225.1 210.6 39.2 39.5 39.3 38.8 
115 231.8 228.8 230.3 210.1 39.1 38.9 39.0 40.9 
116 210.5 217.7 214.1 222.0 39.6 39.1 39.3 39.0 
117 220.1 203.8 212.0 204.7 38.8 38.6 38.7 40.8 
118 214.1 199.8 206.9 204.6 37.9 38.5 38.2 37.3 
119 204.8 207.0 205.9 198.8 38.5 37.8 38.1 39.6 
120 213.9 207.2 210.5 191.7 39.3 39.2 39.2 39.9 
121 215.4 213.7 214.6 206.7 38.7 39.4 39.0 37.3 
122 224.6 215.9 220.3 227.3 39.2 40.1 39.6 38.5 
123 231.6 234.4 233.0 227.9 38.6 39.3 38.9 40.3 
124 216.5 201.6 209.0 181.7 38.2 38.7 38.4 36.3 
125 206.4 199.8 203.1 189.8 37.6 37.6 37.6 37.7 
126 208.6 206.5 207.6 202.1 39.4 39.4 39.4 39.4 
127 225.7 203.4 214.6 224.2 38.5 38.1 38.3 39.6 
128 222.9 204.5 213.7 223.1 38.4 39.0 38.7 39.4 
129 201.0 196.2 198.6 167.4 38.5 38.7 38.6 37.4 
130 207.5 213.4 210.5 225.7 39.2 39.6 39.4 38.8 
131 213.1 203.9 208.5 226.0 39.2 40.2 39.7 37.1 
132 204.9 194.7 199.8 211.7 39.0 39.3 39.1 37.8 
133 223.5 224.2 223.8 204.3 38.0 38.7 38.3 37.2 
134 205.7 215.2 210.5 202.6 38.9 39.5 39.2 40.9 
135 195.2 185.6 190.4 198.1 37.7 37.5 37.6 36.5 
136 211.3 206.3 208.8 191.2 38.4 37.7 38.0 39.5 
137 224.5 200.1 212.3 191.9 38.9 39.7 39.3 38.9 
138 214.2 216.7 215.4 205.0 38.6 37.8 38.2 38.7 
139 208.5 203.3 205.9 187.2 39.3 40.0 39.6 40.7 
140 211.3 211.7 211.5 191.5 38.2 38.8 38.5 39.0 
141 217.9 187.7 202.8 188.7 38.2 38.9 38.5 38.5 
142 209.2 207.5 208.4 195.9 39.0 39.6 39.3 39.0 
143 222.7 215.0 218.8 222.4 38.1 39.3 38.7 36.5 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines f 2: 3 lines 
Entryt Agronomlt Burkey§ x~ F2 Plant# Agronomytt Burkey H x§§ F2 Plan~~ 
ct•! --------------------%-------------------------mg see -----------------
144 220.2 203.l 211.7 167.l 37.5 39.0 38.2 40.8 
145 219.4 213.8 216.6 211.0 37.3 38.l 37.7 37.5 
146 220.7 206.5 213.6 252.7 38.0 38.5 38.2 37.6 
147 223.9 213.8 218.9 193.8 37.7 37.9 37.8 38.1 
148 213.2 207.9 210.5 188.7 39.8 39.2 39.5 39.4 
149 211.4 211.4 211.4 211.7 38.0 38.4 38.2 40.5 
150 214.0 216.5 215.3 259.0 39.1 38.5 38.8 39.5 
151 227.3 212.6 219.9 188.0 37.9 38.8 38.4 39.7 
152 220.0 207.4 213.7 220.0 37.4 37.7 37.5 38.7 
153 209.4 205.9 207.6 187.9 38.2 39.2 38.7 37.6 
154 230.1 224.9 227.5 207.3 37.2 37.7 37.4 37.6 
155 201.5 205.0 203.3 193.5 40.7 40.3 40.5 39.3 
156 222.6 207.9 215.3 232.6 38.2 38.8 38.5 37.0 
157 208.6 200.6 204.6 230.8 38.0 39.2 38.6 36.3 
158 223.1 189.5 206.3 235.6 37.8 39.1 38.4 37.8 
159 223.1 212.9 218.0 219.8 37.9 39.2 38.6 36.1 
160 220.9 210.6 215.7 206.3 38.0 38.7 38.3 38.1 
161 230.4 209.3 219.8 193.5 37.5 38.1 37.8 37.3 
162 226.8 184.3 205.5 209.7 39.4 39.6 39.5 39.6 
163 222.6 201.3 21 l.9 181.7 38.2 38.7 38.4 37.6 
164 210.2 204.0 207.1 227.8 38.2 38.0 38.1 39.1 
165 211.6 207.7 209.6 216.6 38.0 39.l 38.6 38.7 
166 215.6 212.7 214.1 230.8 39.2 39.0 39.l 38.8 
167 212.5 186.3 199.4 203.3 39.5 38.7 39.l 38.8 
168 231.4 222.4 226.9 223.4 38.6 39.3 38.9 38.5 
169 222.3 207.6 215.0 258.5 37.9 38.3 38.1 37.7 
170 215.7 210.9 213.3 215.1 37.8 38.2 38.0 37.5 
171 211.1 210.1 210.6 223.8 38.3 38.2 38.2 38.6 
172 218.3 202.1 210.2 193.0 38.7 39.0 38.9 41.0 
173 211.1 191.0 201.0 215.0 39.1 39.8 39.4 40.3 
174 219.8 214.0 216.9 224.8 37.5 38.2 37.8 40.0 
175 212.8 206.2 209.5 182.3 38.6 38.3 38.4 38.1 
176 209.8 21 l.9 210.9 199.9 37.7 38.2 37.9 35.0 
177 225.9 207.9 216.9 223.3 40.0 39.6 39.8 38.6 
178 227.0 201.9 214.4 210.4 37.5 38.3 37.9 37.0 
179 202.0 196.5 199.2 206.9 37.7 38.3 38.0 37.9 
180 215.5 206.8 211.1 235.9 37.6 38.3 37.9 39.9 
181 224.1 207.6 215.9 243.3 39.1 38.4 38.7 36.1 
182 206.9 193.4 200.1 184.8 39.5 38.l 38.8 39.0 
183 213.7 215.5 214.6 184.0 38.0 39.4 38.7 39.3 
184 214.1 203.5 208.8 181.8 37.9 39.5 38.7 39.8 
185 217.9 209.2 213.6 203.1 38.5 39.3 38.9 37.4 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~! Burkey§ X1 F2 Plant# Agronom~tt Burke~H x§§ F2 Plan~1 
mg seed·1 '¼ 
186 212.3 207.8 210.1 214.8 37.5 38.0 37.8 38.9 
187 210.0 198.7 204.4 208.4 39.0 39.4 39.2 40.2 
188 217.1 204.3 210.7 245.5 38.9 38.5 38.7 39.7 
189 232.5 215.8 224.1 202.1 39.3 40.0 39.6 36.5 
190 228.0 218.9 223.4 218.1 38.7 39.2 38.9 40.3 
191 216.1 207.9 212.0 195.7 38.5 39.1 38.8 39.6 
192 216.8 212.6 214.7 191.0 38.6 39.0 38.8 38.8 
193 216.9 202.6 209.7 209.9 38.1 39.4 38.7 37.6 
194 218.5 207.5 213.0 210.4 38.4 38.9 38.7 39.0 
195 205.6 199.1 202.3 188.3 38.6 37.9 38.2 40.4 
196 204.4 200.3 202.4· 183.0 38.2 -39.1 38.6 39.8 
197 218.0 212.6 215.3 229.7 37.5 37.7 37.6 37.8 
198 239.9 234.7 237.3 227.9 38.8 40.0 39.4 38.9 
199 212.0 216.0 214.0 217.4 36.8 37.8 37.3 38.7 
200 227.6 216.0 221.8 229.3 37.6 38.9 38.3 39.3 
201 195.7 186.2 190.9 201.1 35.3 35.8 35.6 36.9 
202 221.2 200.9 211.1 196.6 38.6 37.7 38.1 39.5 
203 199.3 197.0 198.2 214.6 36.4 35.2 35.8 37.8 
204 220.9 229.5 225.2 211.3 36.9 36.5 36.7 36.0 
205 214.3 203.0 208.6 212.2 38.7 38.2 38.4 38.3 
206 211.9 211.1 211.5 203.3 37.3 38.2 37.7 38.0 
207 223.8 217.5 220.6 247.1 37.8 38.7 38.2 37.1 
208 235.7 238.1 236.9 219.1 38.4 38.1 38.2 36.5 
209 218.5 215.9 217.2 191.2 37.4 37.2 37.3 40.0 
210 224.5 212.9 218.7 196.8 37.0 37.6 37.3 37.9 
211 229.1 215.5 222.3 211.6 36.1 38.4 37.2 35.9 
212 214.1 212.6 213.3 175.4 37.3 38.3 37.8 38.0 
213 210.2 188.9 199.5 207.2 36.5 36.6 36.5 39.5 
214 201.4 200.1 200.8 197.3 37.9 37.8 37.9 38.3 
215 190.2 195.3 192.8 172.5 36.7 37.5 37.1 37.4 
216 218.1 216.8 217.4 227.0 38.9 37.9 38.4 39.3 
217 227.8 215.6 221.7 198.5 36.6 37.5 37.0 40.1 
218 223.8 196.4 210.1 199.2 36.7 36.6 36.7 37.1 
219 213.9 207.1 210.5 187.6 36.4 37.1 36.8 39.8 
220 216.7 196.5 206.6 174.7 36.8 37.1 37.0 38.0 
221 211.4 188.0 199.7 169.6 37.9 38.7 38.3 39.0 
222 196.7 189.2 193.0 185.1 37.0 37.7 37.3 38.9 
223 199.4 181.8 190.6 187.1 38.6 38.1 38.3 37.0 
224 223.0 185.4 204.2 204.3 37.6 37.4 37.5 38.3 
225 196.3 181.8 189.1 188.7 37.3 38.1 37.7 38.8 
226 177.1 168.9 173.0 169.3 37.0 37.1 37.0 38.1 
227 197.2 195.7 196.5 180.8 36.3 36.8 36.5 37.4 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2:3 lines 
Entryt Agronom~! Burke~§ xi F2 Plant# Agronom~tt Burke~U x§§ F2 Plant1[,r 
mg seed·1 '¾ 
228 186.0 171.7 178.9 162.8 36.8 36.2 36.5 38.6 
229 222.2 193.6 207.9 187.7 37.0 38.3 37.7 36.8 
230 186.8 189.8 188.3 183.2 37.8 37.0 37.4 37.4 
231 201.6 191.3 196.5 170.5 38.l 37.8 37.9 36.4 
232 206.7 197.8 202.2 213.7 37.l 37.3 37.2 37.4 
233 185.5 183.l 184.3 178.4 35.9 36.5 36.2 35.8 
234 195.6 198.9 197.3 209.0 35.5 37.5 36.5 35.9 
235 216.3 198.5 207.4 198.1 35.4 37.2 36.3 35.7 
236 220.9 183.5 202.2 196.9 36.7 38.0 37.3 37.3 
237 194.1 177.8 186.0 188.4 36.4 37.0 36.7 35.8 
238 218.3 220.5 219.4 192.4 36.8 36.5 36.6 36.l 
239 197.5 170.8 184.l 176.5 35.7 37.7 36.7 37.7 
240 201.3 197.0 199.2 177.2 37.l 38.2 37.6 39.2 
241 204.6 193.1 198.8 192.9 36.8 37.3 37.0 36.0 
242 200.8 210.6 205.7 188.l 36.3 37.9 37.1 36.0 
243 212.3 188.0 200.l 205.l 36.6 37.5 37.0 38.3 
244 190.2 189.9 190.l 199.7 39.0 38.3 38.6 38.4 
245 195.8 189.3 192.6 188.0 37.8 38.l 37.9 39.7 
246 232.3 214.9 223.6 200.6 37.2 38.9 38.0 39.2 
247 210.8 193.9 202.4 189.3 36.1 37.9 37.0 39.0 
248 208.3 192.3 200.3 194.1 36.7 38.2 37.4 38.8 
249 215.6 198.9 207.2 221.3 38.4 38.6 38.5 37.8 
250 202.7 200.9 201.8 201.6 38.4 37.6 38.0 38.l 
251 209.6 186.8 198.2 195.6 36.7 37.6 37.l 37.8 
252 211.5 201.8 206.7 205.0 38.0 37.5 37.7 38.2 
253 198.3 188.5 193.4 189.3 38.6 38.9 38.7 37.9 
254 200.0 188.4 194.2 200.1 37.6 38.4 38.0 36.4 
255 192.6 165.8 179.2 199.9 37.8 38.9 38.3 39.l 
256 217.1 209.9 213.5 204.3 37.4 38.0 37.7 36.9 
257 225.1 229.2 227.2 239.0 37.8 39.7 38.8 38.2 
258 214.7 21 l.5 213.1 199.7 37.5 37.9 37.7 37.0 
259 216.7 194.1 205.4 216.5 37.0 38.0 37.5 36.7 
260 197.5 180.2 188.8 170.5 37.5 36.9 37.2 36.3 
261 180.0 174.2 177.l 168.l 38.3 39.0 38.6 36.8 
262 189.5 173.8 181.7 144.2 38.4 39.6 39.0 38.9 
263 203.5 170.8 187.l 183.3 37.8 39.l 38.5 38.7 
264 193.2 186.0 189.6 205.6 38.8 39.9 39.3 38.4 
265 201.7 212.4 207.l 197.8 36.9 36.7 36.8 37.0 
266 191.6 190.3 191.0 198.8 37.2 38.8 38.0 39.6 
267 194.1 170.2 182.2 193.7 36.7 37.3 37.0 37.3 
268 206.9 203.8 205.4 183.3 36.9 36.2 36.5 35.4 
269 186.4 187.3 186.9 195.3 37.8 39.0 38.4 37.l 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2,3 lines F2:3 lines 
Entryt A![ODOffil::± Burkel'.§ x~ F2 Plant# Agronoml'.tt Burkel'.±± x§§ F2Plan~~ 
mg seed"1 ¾ 
270 216.1 193.9 205.0 193.0 39.l 39.9 39.5 38.2 
271 199.4 192.8 196.1 215.4 38.0 39.3 38.6 37.4 
272 195.1 189.6 192.3 211.8 36.9 37.4 37.1 36.4 
273 195.1 179.8 187.5 181.1 37.4 38.4 37.9 36.7 
274 202.4 183.3 192.9 165.4 38.3 38.7 38.5 38.2 
275 215.6 212.4 214.0 208.9 38.8 38.4 38.6 39.7 
276 191.4 179.3 185.4 214.7 37.0 38.2 37.6 38.3 
277 191.4 179.8 185.6 176.0 38.3 38.2 38.2 38.4 
278 182.4 174.2 178.3 154.1 37.7 39.1 38.4 37.6 
279 175.0 169.1 172.1 175.7 38.2 38.7 38.4 39.1 
280 187.6 190.8 189.2 177.0 38.7 38.3 38.5 36.8 
281 215.8 191.1 203.4 198.8 37.3 38.7 38.0 37.9 
282 203.0 183.2 193.1 179.4 38.1 39.4 38.7 39.8 
283 205.3 196.4 200.8 237.6 37.2 39.2 38.2 37.7 
284 213.5 194.3 203.9 229.8 38.0 38.0 38.0 37.4 
285 205.0 187.3 196.2 187.3 38.8 39.6 39.2 36.9 
286 212.7 207.6 210.1 197.8 37.9 38.3 38.1 40.7 
287 187.4 186.9 187.1 201.7 38.2 40.3 39.3 37.0 
288 193.8 179.7 186.8 173.9 39.9 39.3 39.6 39.8 
289 197.2 193.6 195.4 195.1 36.3 36.9 36.6 36.4 
290 216.1 217.1 216.6 188.9 37.2 37.6 37.4 38.3 
291 201.5 201.6 201.5 195.9 38.3 39.7 39.0 39.0 
292 209.9 206.7 208.3 190.5 35.7 36.4 36.0 38.5 
293 214.0 191.9 202.9 192.7 37.9 39.0 38.4 39.7 
294 208.1 204.6 206.4 186.1 38.0 38.7 38.3 38.4 
295 229.7 226.7 228.2 200.1 37.6 38.6 38.1 37.3 
296 183.0 190.0 186.5 208.7 38.2 38.4 38.3 39.4 
297 200.5 209.3 204.9 198.4 35.8 35.7 35.7 37.9 
298 201.1 196.3 198.7 188.0 38.9 38.8 38.8 37.l 
299 196.5 185.9 191.2 178.8 37.6 37.1 37.3 36.6 
300 196.9 184.4 190.7 174.5 37.7 38.9 38.3 37.7 
301 210.3 209.8 210.0 209.5 37.1 38.3 37.7 37.5 
302 201.3 196.4 198.8 204.4 37.4 37.3 37.3 38.3 
303 206.1 208.7 207.4 185.8 37.9 38.0 37.9 37.9 
304 193.3 183.8 188.6 186.8 37.1 38.1 37.6 38.1 
305 213.5 196.3 204.9 203.8 37.7 37.7 37.7 39.0 
306 213.4 205.0 209.2 232.4 38.9 38.4 38.7 37.7 
307 203.4 204.8 204.1 195.2 37.8 38.6 38.2 37.7 
308 209.9 204.9 207.4 211.7 38.2 39.2 38.7 36.1 
309 196.2 199.3 197.7 212.7 37.3 37.7 37.5 36.3 
310 209.1 209.8 209.5 206.0 37.8 39.0 38.4 38.8 
311 222.7 207.2 215.0 249.9 39.6 39.6 39.6 39.6 
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Table A4. (Continued). 
Trait 
Seed Size Protein 
F2:3 lines F2,3 lines 
Entryt Agronomlt Burkel§ x~ F2 Plant# Agronomltt Burkel ±t x§§ F2 Plani,[,r 
mg seed·1 ----¾ 
312 219.6 215.7 217.6 221.0 39.7 38.9 39.3 37.6 
313 227.8 176.8 202.3 218.8 39.0 39.4 39.2 38.8 
314 230.6 218.8 224.7 218.8 39.2 39.7 39.4 39.1 
315 220.1 205.0 212.6 224.3 39.0 38.4 38.7 41.0 
316 219.8 208.8 214.3 226.3 40.4 39.2 39.8 40.8 
317 212.8 221.8 217.3 259.8 39.1 38.6 38.9 40.3 
318 223.8 196.5 210.2 218.7 39.6 40.0 39.8 39.6 
319 221.2 217.3 219.3 228.1 39.8 38.7 39.2 39.9 
320 225.1 211.9 218.5 245.5 39.6 39.9 39.7 38.2 
321 163.3 153.8 158.5 172.7 34.3 35.3 34.8 35.0 
322 162.1 156.3 159.2 155.9 34.2 34.4 34.3 36.4 
323 165.4 155.8 160.6 154.1 33.6 35.1 34.3 36.2 
324 153.9 132.7 143.3 162.3 34.2 35.2 34.7 32.7 
325 161.6 145.8 153.7 167.5 33.4 35.4 34.4 35.2 
326 158.8 155.9 157.4 157.0 34.1 34.8 34.4 34.8 
327 162.9 144.3 153.6 158.4 33.7 35.1 34.4 32.9 
328 161.7 138.5 150.1 179.7 33.9 35.0 34.4 32.0 
329 170.6 154.9 162.7 173.3 34.0 34.3 34.1 34.5 
330 163.8 157.6 160.7 161.6 33.9 34.8 34.4 34.0 
x 202.6 193.4 198.0 192.7 37.2 37.7 37.5 37.7 
SE## 5.8 11.2 6.5 0.4 0.4 0.4 
LSDttt 
0.05 16.2 31.3 18.1 1.1 1.2 1.0 
LSD 
0.01 21.4 41.2 23.9 1.4 1.6 1.3 
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ANALYSIS OF VARIANCE OF PROTEIN ACROSS LOCATIONS 
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APPENDIXD 
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